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PREFACE 

IlyTY object in producing this book is to fill a very definite 
gap in technological literature. There are numerous 
excellent works on the subject of Mining and fully as many 
on that of Mettillurgy, but no English work has yet appeared 
dealing with the present subject, covering as it does ground 
common to both of the above branches of Technology, nor 
is there indeed any modern Continental work that can be 
said to bring it at all up to date. 

Minerals are not, as a general rule, suitable, exactly as 
mined, for the purposes of the smelter or for use in the Arts 
and Manufactures, and they usually have to undergo a series 
of operations, at times extremely simple, but at others aliao 
highly elaborate, in order to fit them for such use, and it is 
to this series of operations that the term “Dressing” is 
applied. The object of the present work is to give m 
account of the theory and practice of the Dressing of 
Minerals, which will, I hope, prove useful to the mihar or 
metallurgist who desires to understand the principles u^n 
wliilli this art is based, as also to the pianufactuter who si||i* 
l^fies the necessary appliances, and above all to the student 
tt^neiming for either gf the ^ Althoigb 
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^itioQS of^ this sl^ject have been dealt with to some extent 
in a number of its practical and economic import- 

ance fully justifies the production of a text-book devoted to 
it alone. In the pre^nt work I have made somewhat of a 
new departure, and have followed the method that I have* 
been ’ applying for the last twelve years in my Lectures on 
the Dressing of Minerals, which I have regularly treated as* 
an independent subject, inasmuch as I have disregarded 
the time-honoured division, which would make separate 
branches of the Dressing of Ores, and of the Cleaning of 
Goals. These have hitherto been looked upon as different 
subjects, and have been discussed independently: seeing, how- 
ever, that both depend upon identical principles, and are often 
carried out in appliances that difler only in trifling details, 

I hold that each is capable of throwing light upon the other, 
and I hope that the simultaneous treatment of both in the 
present work will bring out clearly the underlying funda- 
mental principles, and will afford a comprehensive view of 
the application and scope of the entire subject. 

Although the literature on the Dressing of Minerals is 
scanty, a very large amount of practical work has been done 
upon it, notably by the manufacturers of the machines 
and appliances employed, and 1 am greatly indebted to 
such manufacturers, in all parts of the world, for drawings 
and descriptions of their productions, and for information . 
iK>nc6ming them, which they have most liberally put a# my 
disposal. I have endeavoured in every case to acknowledge 
fiitty this .ja^tance in the pag^ of the book itself^ ; hare 
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.{^ need only add, that •wherever i nave descrikied aiij| 
appliance as made by %ome particular I do noti^herel^ 

‘ mean 4io imply that this Viake is necessarily superior to 
similar machines made by others, my selection having been 
guided mainly by the desire to present well-marked typical 
^examples of the various appliances. A point of consider- 
able difficulty arises with respect to appliances that have 
been only recently introduced; as a rule, whenever the 
machines appeared to be designed in accordance with sound 
principles, I have referred to them briefly, and have stated 
that they had been in use for too short a time to enable a 
fair judgment to be formed concerning them. 

My thanks are also due to a number of Technical Insti- 
tutions for their kind permission to reproduce illustrations 
and information contained in their respective publications ; 
these, also, I have endeavoured fiilly to recognise. I have 
further to record my thanks for assistance in diflerent sec- 
tions, received from my colleagues, Professor R. M. Ferrier, 
M.Sc., M.Inst.C.E., of University College, Bristol, Professor 
H. Stroud, D.Sc., and Mr J. H. Morrow, D.Sc., of this College, 
and finally to my assistant, Mr H. Dean, M.Sc., A.R.S.M*, 
to whom I am particularly indebted for the compilation of 
the Index, 

HENBt LOUIS. 


Abxotbono Collsoe, 

NBWCA8TLE-0N-TYNE. 

February, 1909. 




CONTENTS 


CHAPTER 

I. General Considerations 

II. Volumetric Sizing 

III. Sorting Jind Washing 

IV. Comminution 

V. Separation by Specific Gravity .... 

VI. Appliances depending essentially on Vertical Fall 

vii Jigs 

'’III. Horizontal Current Separators . . . . , 

IX. Shaking Tables 

X. Pneumatic Separation. Magnetic Separation. Electro- 

static Separation. Separation by Surface Tension . 

XL Accessory Appliances 

XII. General Construction of Dressing Works 


PACB 

1 

11 

76 

107 

214 

231 

256 

292 

337 

374 

450 

470 


Index 


538 



FOLDING PLATES 


Fig. 41. 

I)ou!)Ie (’oxo scroon 

To face page 54 

„ ir>o. 

Auntnilian stamp mill 

174 

„ 19G. 

Rdbinson washing plant 

240 

„ 347. 

Elmore vacuum plant 

. 448 

„ 303. 

CreeiKjr 

402 

„ 385. 

Trough coal washcry 

496 

Figs. 387- 

-389. Sheppard coal washery 

498 

„ 390- 

- 392. liuhrig coal washcry 

500 

„ 393- 

-390. HuinlH>ldt coal washery .... 

500 

Fig. 400. 

Sieg magnetic separator plant .... 

506 

„ 402. 

StrAssa wot magnetic separation plant 

508 

„ 405. 

Scandinavian jilant for dressing cupriferous pyrites 

514 

„ 400. 

licad dressing plant at (Ireensides mine 

618 

Figs. 407, 

408. Load dressing plants 

618 

Fig. 410. 

Lead-zinc dressing plant 

522 

„ 412. 

Tin dressing ]>lant 

628 

„ 414. 

Gold mill 

532 

„ 410. 

Plant for dressing Apatite .... 

536 




THE DRESSINd OF MINERALS 

CHAPTER I. 

GENERAL GGNSfl )EBATIONS. 

The Dresning of Minerals (Gei’inaii Aufbereitmtg, French Pre- 
paration mdmniqm) is a term that is intended to include all 
the series of opemtioiis that intervene l)etwoen the extraction of 
a mineral from its natural dejiosit and its production in a condition 
ready for sale or for further use in the arts or majuifactures ; 
it practically covers the whole series of operations which have for 
their object the separation of a mass of mixed minerals into its 
mineralo^ical constituents, or the cleaning of one mineral constituent 
from the accompanying mineral or minei’als which may be looked upon 
from the technical point of view as the impurities of the termer. It is 
therefore essentially a branch of Technology. The limits of a scientific 
subject are capable of clear and exact definition, and its scope is 
easily fixed, but this is far from being the case with a technical art, 
the boundaries of which are merely decided by exjHjdiency or pi*e- 
scribed by custom. Accordingly we find that it is all but impossible 
to say exactly where the ofKirations included in the term ‘‘Dressing 
of Minerals” l>egin, or where tliey leave oft) and we find them 
encroaching on the one hand upon the domain of the miner, and on 
the other overlapping those of the metallurgist and manufacturer. 
It will therefore be necessary to decide at the outset within what 
range we will limit our subject ; the most satisfactory method perhaps 
is to take the mineral as it leaves the mine. The greater proportion 
of al} minerals got by mining operations, properly speaking, is drawn 
ont of the mine &om shafts or adits in mine tubs or waggons, and 
dressing may be taken to commence at the point where this mineral 
|l tipliied out from these waggons, any tipping arrangements that may 
peoQs^y being looked upon by some as forming part of minin|^ 
and by others as belongisig to dressing. In many instanees 

1 



til6‘ixiiliei^ k not^drawn out in waggons, but is hoisted up^ shafts in 
skips 01? kibbles, tl^ contents of which are. either transferred dif^ 
to Walloons simil^ ^ those referred to*al)ove, or else are emptied/ 
into bins, and from these into wagons, or again, instead of waggons 
in either case, the buckets of an aerial rope-way may be made use of. 

, By analogy with the fonner case it will again be convenient to take 
about the same starting point, namely, when the mineral is emptied out 
from these waggons or buckets, although it does not leave the shaft 
bottom in them. The series of dressing operations may be looked ui>an 
as completed when the mineral, cleaned and ready for market, is again 
loaded into the waggons in which it is to be conveyed from the dressing 
establishment ; here again an exact limit is difficult to fix, and it might 
fairly be argued that operations incidental to loading the mineral on 
board ship might fairly be included, although they but rarely are. 

The range of operations that are embraced by the subject of dre^ss- 
ing, as thus empirically defined, is very variable. It may be as well to 
premise that the word mineral is used not in the restricted sense to 
which it is confined by strict mineralogical definition, but with the* 
loose conventional meaning that is attached to it in mining, commercial 
and legal phraseology, and that it means more nearly the objective of 
mining than anything else. A mineral in this sense very rarely or 
never occurs in nature in the pure state, but always more or less 
intermixed with other worthless or injurious constituents, which have 
to be removed to render the mineral proper marketable at its full 
value. It is proper to remark that we occasionally have to separate 
minerals, each of w hich is valuable by itself, but may be iiyurious to the 
other ; thus a mixture of zinc blende and galena may contain too much 
zinc to allow of its being smelted for lead, and too much lead to allow 
of its being smelted for zinc ; yet when separated, the blende and 
galena would be valuable ores of the respective metals. Hence the 
amount of dressing required may vary within the widest limits, fror 
^thing at all to what is practically complete metallurgical treatmen 
For instance, a good deal of coal is sold as ^‘through and through” c 
“run of mine”; that is to say, the coal as it comes from the mine ; 
simply loaded into railway cars and is then an article of commpitx 
the same is the case wdth certain iron ores. At the opposite en 
of the scale stands, for example, a low-grade gold quai*tz, which won! 
be utterly valueless if it had to be carried as such to any conrideirablq^ 
^stance the mine in which it is got; the only valuable jngrediet^ 
it may be fbe sm^l proportion «of gold that it contains, and Up' 





ore is subjected to a series ofloperations including ' \ 

MtAduing, crushing, concentrating, and possibly even cheoiical 
treatment, before the marketable portion of it if extracted tam the 
Worthless residue. In this case (jessing and metallurgical operations 
pass into one another so imperceptibly that iif is scarcely possible 
sajr where the line* should be drawn. The same difficulty is met with in 
the dressing of crude tin ore, the final stages of which oven include 
furnace operations, such as calcination, M^hich are usually looked upon 
astpurely metallurgical. 

Again, the proportions of valuable and worthless ingredients in the 
mass of mineral as raised from the mine vary within very wide limits. 
On the one hand we may have, as already pointed out, coals and iron 
ores which are saleable as they stand, whilst with the vast majority of the 
coals raised in this country over 95 per cent, of the material brought to 
bank is valuable mineral. On the other hand we find, for example, 
auriferous gravel worked by what is practically an operation of dressing, 
aided by some chcmico-metallurgical methods, in which the amount 
dressed out is about one part in twenty-five million, or diamondiferous 
blue ground, in which about one part in forty million is separated out 
by a series of true dressing operations. 

The nature of the mineral substance itself has further a very definite 
influence on the dressing operations required to fit it for sale. All 
minerals that are got by mining opemtions may be conveniently 
classified in the following five groups: 

I. Fuels, 

II. Ores, 

III. Salts, 

IV. Gems, 

V. Rocks. 

Group I contains, in the first place the various varieties of coal, 
asphalts, bitumens and other solid hydrocarbons, mineral oils, etc., 
whilst sulphur may also conveniently be included It is advisable to 
restrict the term dressing to the treatment of solid mineral products, 
jj^d to exclude the various operations of refining oil (as well as the 
disti%tion of oil-shale), which,, although they might fairly be considered 
here, are so entirely different from the general scope of dressing opera* 
tions that they are best omitted for purely practical considerations. 

( Group II includes not only compounds of the heavy metals, but 
alee^iuich ^ occur in the native state, so that in this sense gold quart%^ 
will be looked upon as an ore of gold. On account of 
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mode of their occurrence in depositsfonly a small proportiop of which 
is <d%en constituted Jiy the ore which it is sought to obtain, this gvo^p 
fhnuskes by far th\ flirgest number of exadiples of dressing practice, lip 
has very often been the custom to tr^t the dressing of grou|)8 I and 11 
as entirely distinct siAjects, and to speak of the washing of coals as 
a branch quite sejsirate from the dressing of oresj^ seeing, however, 
that the principles upon which the operations depend are absolutely 
identical, that the machines employed are always similar and sometimes 
quite the same, and that the objects of the ojxjrations are ideiitical^it 
appears better to treat coal-washing and ore-dressing as one and the 
same subject, any ditference of treatment due to the modes of occur- 
rence and j)hy8ical characteristics of these two groups being duly 
explained in its pro|)er jdace. 

(Iroup III is taken to include haloid salts, sulphates, carbonates, 
silicates, etc. of the alkalies and alkaline earths, whilst compounds of 
alumina, such as felspar, for example, are also best considered along 
with them. Ibo word metal will therefore be restricted to the heavy 
metals, or, in other words, to those metals which the chemist recognises* 
as being precipitated in the ftrst three groups of chemical sepanition, 
alumina alone being excluded. In si)eaking therefore of an ore deposit 
consisting say of galena and fluorsjjar, it will l>c correct in the above 
sense to speak of the former as the metallic and the latter as the 
nonmetallic portion, although it is quite true that fluor8]>ar is a com- 
pound of the metal calcium just as much as galena is of the metal lead ; 
the above division is, however, praetically a very convenient one. 

Group IV contains a number of minerals differing widely from each 
other in many respects, but having the characteristics of hardness and 
transparency in common ; it also includes what are often spoken of as 
the serai-gems, such, for example, as opal, lapis lazuli, turquoise, etc., 
which are opaque, but are nevertheless prized as precious stones on 
account of the beauty of their colour and their rarity. 

Group V consists of rock masses which are more often quarried# 
than mined in the usual sense of the word. Their treatment will not 
be considered here, although the dressing and splitting of slates, the^^ 
cutting of basalt or granite paving sets, the squaring of blocks of^free- 
eteme, wid even the polishing of marbles and similar stones might posMbly 
be looked upon as fbnuing a portion of the subject. As the rneanii^ , 
that k here given to the term dressing of minerals is, however, qui^p^ | 
em^rioali it k best to exclude all these operations, which may in i 
Wnse be looked upon as forming tbe bask^ of separate tra^, auiHj,Jf ;; 
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jr^rict tHe term ‘dressing withiK the limits above indicated, namdy/to 
the separation of mineral coystitiients from each ^er. 

\ Finally, the nature of drcssiiy operations in iny given die will 
depend upon the mode of occurrence of the minerals. Given that a 
mineral mass consists of two constituents which have to l>e separated, 
it#will obviously make a great difference whether these constituents 
occur loose, as in gravels, or closely coherent, as in veinstuffs, and 
whether they occur individually in large masses or in very fine particles. 
xCe sizes of tlie jmrticles of mineral in a deposit may vary within very 
wide limits indeed ; at the one end of the scale may l)c placed such 
occurrences as coarsely crystalline pegmatite, as an excellent example of 
which the stanniferous granite rocks of Dakota may l)e quoted, with 
individual crystals weighing several hundredweights, and at the other 
end of the scale may be placed cei*tain gold oi'cs in which the gold 
occui’s in a state of subdivision such that the jMirticIes are invisible 
except under a tolerably powerful microscope. 

• It will be obvious, from what has la'cn said, that the dressing of 
a miTrcral mass may iiiuler ceifain circumstances consist of a series of 
very complex operations, whilst in other cases it is an extremely simple 
matter. A satisfactory classification of the entire subject is accordingly 
scarcely possible ; the method here adopted will l)e to describe in the 
first place the various individual oirerations and the machinery em- 
ployed in their execution as so many independent units, and then to 
point out liow these various individual applmncen and processes are 
combined to produce the desired result in each particular case. This 
method of presenting the subjeef has the further advantage tliat it 
accustoms the student to the great elasticity of methods, which is one 
of the characteristics of dressing practice, and enables him to 8^ that 
there are usually several methods available for attaining the end aimed 
at; {IS a matter of fact it very often happens that several different 
combinations of the same, or even of different, operations will often 
produce in pmctice results so nearly identical that even the experienced 
engineer will hesitate which to select, and that local custom will often 
be found to play an important part in the final decision. * 

Oe-dreesing operations depend upon differences in the properties, 
of file minerals to be separated from each other, and are simpler in 
proportion as these differences are greater and more strongly marked* 
properties of which advantage is taken for these purposes may be: 

, !• Modianical: brittleness or loughness or friaMlIty ; hardnesA o^ 
ftmn, siae, or stmetnre. 
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It Physical : colour and lustre^; specific gravity ; * magnetic, 
susceptibility ; electric conductivity ; surfjuje adhesion to liquids. 

iir Clieraicai : . solubility ; action of heat and certain chemica^^ 
lagents. 

The processes to be employed depend upon which of these properties 
can 1)0 made available, their importance in this respect being very 
unequal ; some are almost universally applicable, others only in very 
special cases. The individual processes admit of no very exact 
classification, and can l)e combined together in almost infinite variation, 
even the order in which they are employed being sometimes a matter 
of indifterence. For the purpose of facilitating their study they are 
best perhaps grouped m follows : 

I. Processes depending on mechanical properties : 

(a) Simple volumetric sizing, i.e. separation of larger particles 
from smaller. 

(h) Picking or sorting, i.e. separation of valuable from worthless* 
minerals, or of different varieties of valuable minerals from each other, 
by the eye alone ; in this form and structure are very important, but 
the physical properties of colour and lustre are scarcely less so, whilst 
the trained hand of the sorter even uses specific gravity to aid him 
in his selection. 

(e) Breaking or Comminution ; this may be either a preliminai*y 
to picking or to more elaborate processes ; it may either precede or 
follow sizing, or the two operations may alternate, even several times 
in some cases. ' Brciiking may be subdivided into : 

(^) Coarse breaking I 

((ii) by machinery. 

(/S) Fine brejiking or crushing. 

Hand breaking is very often combined with picking. 

(d) Washing to remove adhering mud, dust, or dirt, sometimes 
merely as a preliminary to picking, sometimes as a complete process. 

II. Processes depending on physical properties : . ' 

(a) Separation according to specific gravity. This forms bfr frr 
the most important portion of the whole subject of dressing, and may 
be subdivided as follows : •/ 

, . (a) ^^eparation in fluids of specific gravity intermediate betweeii 

: r th® bodies to be separated, the fluids being generally at 
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. (/8) • JHydraulic separatioif in currents of water ; the great 
of dressing processes are included under this head* 

(7) Pneuinatic separation, 

(6) •Magnetic separation, a{^plicable whep one of the minerals 
to be separated i« cither naturally more magnetic than the other, or 
else is readily rendered magnetic, e.g. by heating. , 

(c) Electric separation, applicable when one of the bodies to 
b^ separated is more readily electrified or a better conductor of 
electricity than the other. 

(d) Seimration by surface tension, depending on the greater 
adhesion of fluids or gases to the surfaces of certain of the mineral 
particles. 

III. Processes depending on chemical properties. 

' These are very rarely used ; they may consist of : 

(a) Solution in water, followed by crystallisation, evaporation, 
or precipitation. 

(b) Solution in acids. 

(c) Solution in mercury. 

(d) Special cheinico-metallurgical operations. 

Tliis last group of processes re<|uires little more than a bare 
mention, as they arc scarcely included within the limits of subject aa 
here defined. 

The material which the dresser has to treat depends ujK>n the 
nature of the mineral deposit to be exploited and upon the method of 
exploitation adopted. The study of each of these respective conditions 
forms an independent subject, the former, which is strictly speaking a 
portion of economic geology, being generally spoken of as the science 
of Mineral Deposits, the latter constituting the Art of Mining propeiiy 
so called. The student must be referred for infoimation upon these 
subjects to the works dealing specifically with them ; a general 
acquaintance at any rate with their essential portions will here be 
presupposed. In one sense dressing operations may commence to a 
certain extent underground; thus when a mineral deiwsit is very 
varisHble in character, if it is mined by any method that necessitates 
the leaving of pillars, care will be taken to so lay out the work that the 
pborest portions shall be left, whilst the richer shall be extracted. Or 
when the entire mass of the deposit is excavated, barren portions 
will often •be left behind in the mine and packed in the spaces fromb 
jfhifih the mineral has been remo^bd, and only those portions sent out 
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for treatment which promise to repay ftie cost The questfoh to what, 
extent such uudergmund preliminary sorting should be carried is a 
completa one, depe%Aig ui>on the character of the deposit, the kin^ 
and cost of labour available, the expinse incurred in hoisting and after 
treatment, and a nuniTier of similar economic considerations. It has 
repeatedly happenc<l that the worthless “deads” of one generation 
have lieen found capable of lieing extracted and worked to advantage 
by another. 

The number of mineral substances that may require treating fiy 
dressing is very large indeed, and the mineral deposit itself is at times 
a highly complex mixture of different mineralogical species, this being 
more especially the case when the contents of mineral veins are being 
dressed. An engineer in charge of dressing oi>erati()ns ought necessarily 
to be a competent mineralogist, able to recognise the various minerals, 
and conversant with their properties. A very great number of these 
minerals occur but rarely, whilst others are almost invariably present. 
In addition to true mineralogical species, a number of rocks are# 
likely also to be met with, the general characteristics of which must 
also be known. 

In the following table a list is given of all the more commonly 
occurring minerals and I’ocks that are likely to lx> met with in ordinary 
dressing operations, together with the more important of their properties 
which can be made available for the scj)aration of the minerals from 
each other or from the rocks in which they occur, or with Mdiich they 
may Im) associated. 


(iKoup I. Fueh. 


Mineral 


S)»ecific i Hardness on 
gravity Mohs’s scale 


Other properties 


i 


Bituminous coal 1*2—1*87^ 0*6—2 

Anthracite 1*8-1*8 I 2-2*.'» 

Lignite 1*16—1*3 ; 0*5— 1*5 

Asphalt 0-9-1-8 I 1-2 

Osokerite 0*8— 0*9 0*6—1 

Sulphur 2*1 . 1*6— 2*6 

Graphite 2-2*2 ; 1—2 


j Breaks into more or less cubical 
I , blocks; brittle 
; Breaks \tdth a con choidal fracture 
j Sometimes lamellar and rather 
friable 

j Melts about 100“ C. 
j Melts about 60“ C. 

Melts about 110“ C. 

I Very fissile 



Group IL Ore*' 


Mineral 


Native gold 

„ Platinum 

„ Silver 

Silver glafice 

Proustite 

Pyrargyrito 

Iverargyrite . 


gravity 

ir)*6— >9-5 
17-22*5 
10-11 
7*2— 7-4 
5*4- -5*6 
5*7- 5*9 
58—5*5 

Native copper ' 8*8 —8*9 

Copper glance ; 5*5 - 5*8 

Copper pyrites 4*1 — 4*8 

^lalachite I 8*7-4 

Tetrahedrite : 4*5 - 5*1 

Cinnabar | 8*9—9 

Galena I 7*2 — 7*7 

Corussitc ! 0*4— 6*5 

AngleHite j 6*1— 6*4 

Pyroiijorpliito 6—7*1 

Boiiriionite 5*7 - 5*9 

Cassiterite 6*4— 7*1 

Stibnitc 4*5 4*6 

Bisimitbite 6*4 7*2 

Pyrites | 4*8 -5*2 

Marcasito ' 4*7 4*9 

Pyrrbotito 4*4 4*7 

Mispiclvcl 6*0— 6*4 

MagiK'tite 4*9 5*2 

Haouiatite 4*5 5*8 

Brown baeinatite 8*5- 4*4 

Spathic ore 8*4- -8*9 

llmenite 4*5-5 


Specific J Hardness on 


Chromite 


Manganite 
Zinc blende 
Calairiinc . . , 
Wolfram .. 


4*8 4*5 


Pyrolnsitc 4*8 4*9 1 


4*2 -4*4 
8*9 4*2 
4 4*5 
7.1— 7*6 


Mohs’s scale 

2*5-8 

4— 6 
f*5-8 

2-2*5 
2-2*5 
2 - 2*5 

1- 1*5 
2*5 -8 
2*5-8 
8*5—4 
8*5 - -4 

8 4*5 

2- 2*5 
2*5-8 

8-8*5 

2*5—8 

8*5-4 

2*5-8 

6-7 

2 

2 

6-6*5 
6-6*5 
8*5— 4*5 
5*5- 6 
5*5 - 6*5 
5*5 --6*5 
8-5*5 
8*5-45 

5- 6 
5*5 

2—5*5 

4 

8*5 4 

5 

5 5*5 


Other properties 


ercury; maUeable 


Solubl 
MalleaLli 
Soluble in mercury ; malleable 
Som^diat sectilo 
Brittm 
Brittle 

Malleable 


Cleaves easily into cubical frag- 
ments 


Brittle 


Brittle, magnetic 
Strongly maguotic 


Soinetiiijes slightly magnetic 
Sonu'timcH slightly magnetic 


Group 111. SaltM. 


Mineral 


Specific Hardness on 
gravity Mohs’s scale 


Other properties 


4 


Salt 

Carnallite 
Fluorspar . 
Cryolite . 
Calcspai* . 
Dolomite . 
Magnesite 
Witherite . 
Gypsum . 
Kieserite . 
Barytes . 
Boracite , 
Soda nitre 


Apatite 

Kaolin (c|p.y) 

Felspars 

Mitm 


2*1-26 

1*6 

8 — 8*2 
2*9-81 
2*5— 2*8 
2*8—29 
2 * 8 -- 8*2 
4*3—44 
2*8 
2*5 

4-4*7 
2*9—8 
2*0-28 
2 * 8 — 8*2 
2*2-26 
2 * fi - 2*8 
2*7—81 


2*5 

Soluble in water 

2 

Soluble in water 

4 

Easily oleavable 

2*5 

2*5— 3*5 

Very easily cloavablo into rhom* 

3*5-4 j 

bohedral fragments 

8*5— 4*5 


8-4 


1*5—2 

Easily cloavable 

2*5 

Soluble in water 

25—8*5 

4*5—7 


1*5—2 

Soluble in water 

4*5-5 


6—7 

• 

•2—8 

Cleave readily into thin plates 


d. 
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Group IV. ‘ Gem^ 


w 

Mineral 

Specific 
iravity 1 

Hardnejl on 
Mohs’s scale 

Other properties 

Quartz 

2-5— 2-8 

7 

• 

• 

Diamond 

8-5 

10 

Easily cleavable 

Corundum 

8*9~-4-2 

9 


Emerald 

2-6— 2*8 

7*r>- 8 


Spinel 

3-5~-4-9 

8 

• 

Garnet 

81- 4*3 

6*r)--7*r> 


Topaz 

3*4— 3-7 

8 i 

ClcaveB witli moderate ease 

Zircon 

4-1— 4-8 

7*0 


Opal 

1-9- 2-3 

5*5— 6*6 


Hornblende ! 

2-9-3-7 

6—6 


Augite 

31-3*6 

6—6 


Tourmaline 

2*9 -3*3 

7—7*6 



(jiRoup V. ItockH. 


Mineral 

Specific 

gravity 

Uardnehs ou 
Mohs’s scale 

Other i)ioperli«->. | 

Basalt 

Diabase ] 

2*7- 3*1 


At times somewhat nuigaetic 

Diorite f 

2*6— 3*1 



Gabbro J 

Syenite 

2*7— 2*9 



Trachyte \ 

Andesite V 

2*3 - 2*8 



Rhyolite J 

Granite 

2*6 -2*7 



Quartz porphyry! 
Felsite j 

2*5— 2*7 



Gneiss 

2*6— 2*7 



Crystalline schist 

2*7—31 



Slate 

•2*6- 2*9 



Shale 

2*6— 2*8 



Clay 

1*9 



Eartli 

1*6—20 



Limestone 

2*5-2*7 



Marble 

2*7— 2*8 



Oolitic limestone 

20—2*4 



Chalk 

2*8—26 



Magnesian Limestone 

2*7— 2*9 



Sandstone ; 

22-2*6 



Sand I 

1*6— 1*9 



Shingle., 

1*4— 1*5 





CHAPTER II. 


VOLUMETRIC SIZING. 

Theory of lizing. The Hiziiig of a (luantity of broken uiinerals 
is the operation of dividing it into two or more parcels according to 
* the sizes of the particles ; it may be applied either, to mineral as it leaves 
the mine, in which case the difference in size of the varioiis pieces is 
due either to their mode of occurrence or to the action of the explosives 
or other means employed in their extraction, or it may Ih) applied to 
mineral which has been previously broken or crushed in the course 
of dressing ; it may be a preliminary operation either to breaking or to 
picking, or it may be an intermediate ojMjration between coarse break- 
ing and fine crushing, or it may form the last stage of the process 
of crushing, and will tlien generally be a preliminary to hydraulic, 
pneumatic, magnetic or some other mode of separation. Sizing may 
therefore be applied to pieces of minerals of very widely varying dimen- 
sions from big lumps measuring say a foot or more in any direction 
down to the very finest flour ; it is obvious that the apparatus employed 
will have to vary accordingly. ^ 

Sizing is always performed by ptissing the material to be sized over 
a screen or a series of screens, a screen consisting of a plane or curved 
surface provided with apertures of various shapes and of the required 
dimensions ; these apertures may be either long slots, or round holes 
or dlse square, rectangular, hexagonal, octagonal, or diamond shaped 
apertures ; they may be formed by assemblages of bars, by variously 
perforated plates, or by gauzes, woven in various ways, and made a]m 08 | 
invariably of wire. 

The portion that passes through the apertures of a screen is spoken 
m the “ Undersize ” of that screen, whilst tlie portion, which consists 
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«f pieces too large to pass through, is Ipoken of as the “Oversize.” of 
that screen ; the t^n ** Reject ’’ is sometimes used instead of the 
latter^ ^t the wo^i^ Oversize” appears to be preferable. ^ 

The theory of sizing is at first sight excessively simple, rfiepending 
merely on the obvious fact that a particle will drop through a hole 
larger than itself. In reality however it presents a scries of most com- 
plicated problems, the solution of which has barely l>een attempted. 
Theoretically a particle (say a sjdiere for the sake of simplicity) should 
fall through a hole of the same diameter as itself in an infinitely tliTn 
plate. Practically, however, a hole through a plate of definite thickness 
forms a tube and the resistance of the walls of the tube will prevent a 
sphere of exactly the siime size as the tube from falling down it. In 
order to pass through a screen therefore, a sphere must be of smaller 
diameter than tlie lioles in the former, and tlie diflerence will have to be 
greatest it the holes are circular, less if they are square or diamond 
shaiKKl, and least if they are slots long in proportion to their width. 
Ihe thinner the j)late also, the larger the particle that can fall through i 
an aperture in it ot given size. Little mon^ than the above vague 
stfitement can be given as quantitative determinations of the relative 
sizes of particles and meshes are still wanting. The shape of the 
particles to be sized is also a factor of great imj)ortance ; it is 
evidently possible that a long columnar piece might pass through 
a round hole, though its length be much greater than the diameter 
of the hole, and a flat piece will even more readily pass through 
a screen consisting of bars, provider! that one of its dimensions 
(its thickness) be less than the sj)ace between the neighl)ouring bars. 
It is jM)ssible in any case to determine a sphere which would have the 
same weight as the average of the largest pieces that pass through a 
screen and this may l>e called their “ equivalent sphere.” Rittinger has 
found that, using square meshes, the diameter of the equivalent sphere 
is ecpial to 

0*73 of the width of the mesh for spheroidal fragments 
„ „ „ tabular „ 

„ „ columnar „ 

No data are available respecting the ratios of the equivalent 
spheres of particles screened through apertures of various shape% but 
these will obviously be greatest in the case of long slots, less for square^ 
apd least for round apertures. In screening coal it has beeiw found in 
ow c^e that as much small is taken ^ut by bars placed I inch anaii ai't 
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J>y round Jiolee 1 inch in diamAer punched in an iron plate ; the oon^' 
stnictioii of the screens was however different in the two casea 

Sizing is generally perfcfrined dry ; it is, ho\ilyr, also of^ done^ 
wet, either under still water or H a stream of running water. It must 
however be borne in mind that although dl^’^ screening and wet 
screening are both quite feasible and extensively used in practice, it is 
impossible to screen stuff in an intermediate state, i.e. moist. Moist 
mineral clots together and refuses to screen, and at the same time clogs 
tlie screen apertures, especially in the finer sizes ; such material can 
only be sized by either first thoroughly drying it and screening it 
dry, or else by screening it in water, either floM’ing or at rest. 

It will be seen in the sexjuel that in a large nuinlier of screening 
appliances, the mineral to be screened is allowed to slide over the 
surface of the screen. The determination of the angle at which sliding 
takes i)lace is a matter of some importance, and it is necessary to 
distinguish between the angle at which a mineral just commences to 
^ slide («) and that at which it continues to slide at a uniform veh>city 
after it has started from rest {<f >) ; no j)iece of the particular 
mineral can remain at rest upon a metal surface inclined mt>re highly 
than a, and none can permanently continue in motion under the action 
of gravity alone, upon one inclined less than <f). The following deter- 
minations were made upon moderately large rough lumps of the various 
minerals sliding ui)on a smooth steel plate. 




Coefficients of friction 


Mineral 







a 

tan a 


tan 0 

tan a 






tun 0 

Coal 

80“ 

0-.577 

26" 

0*488 

1*1 8‘4 

Quartz 

251" i 

0’477 

20" 

0*364 

1*310 

Magnetite 

28" j 

0*582 

18|" 

0*340 

1*564 

Limestone 

dU'* ' 

0*613 

21" 

0*384 

1*596 

Galena 

24" , 

0*445 j 

15" 

0*268 

1*660 

Zinc blende 

25“ 

0*466 1 

15?" 

0*282 

1*652 

Fibrous red haematite 

251“ , 

0*472 ; 

! 161“ 

0*296 

1*594 

Calcspar 

27" -■ 

0*610 ! 

1 20^ 

0*364 

1*401 


]3||iignation of apertures. Blotted apertures are designated by 
the width of tlie aperture in the c}ear, square holes by the side of the 
square, ropnd ones by their diameter ; in the rarer case of diamond 
shaded holes the l^gths of both diagonals must be givea Occasionally* 
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with coarse woven screens, the size oftmesh from centre tct centre 

4 stated instead of iddth in the clear. When these dimensions * are 

^ comp«g*^tively Iar||,\hey are expressed tn this country in inches or 

fractidns of an inch ; decimals ar^ however much to be preferred 

For the finer screen^ certain trade numlK^rs corresponding to the 

diameters of needles that will just pass through the apertures are 

often employed, especially in America ; sometimes the number of holes 

to the s(juare incli, or more rarely, to the linear inch, is given, but this 

is scarcely even an aiiproximate guide to the real size of aj)erture, 

except in the case of wire screens. These trade customs, though very 

general, are unsatisfa(;tory and the practice in various parts of the 

world is far from uniform ; it is far more convenient to express the 

widths of all apertures (the minimum width if one dimension is the 

smaller) in decimals of an inch or in millimetres. On account of the 

differences in the description of screens when made from perforated 

metal sheets and when made of woven wires, the two are best considered 

separately. 

Perforated plates. The following table ^ represents the general 
trade practice in designating the widths of screen aj)ertures, the average 
number of round holes jair square inch being also given : 


Needle 

Number 

Diameter of hole 

No. of holes to 
the square inch 


inch 

mm. 

i 

1 

0-057 

1-45 

70-~UK) I 

2 

0-048 

1-225 

KM)— 120 1 

H 

0-041 

1-05 

130—160 

4 

0-035 

0-875 

140—100 

5 

0-029 

0-75 

160—200 

6 

0-027 

0-675 

160—200 

7 

0-024 

0-60 

240—280 

8 

0-022 

0-55 

240—280 

9 

0-020 

0-50 

260— 3(X) 

10 

0-018 

0-45 

260 -800 

11 

0-016 

0-418 

300—360 

12 

1 0-015 

0-375 

800—360 


In CJornwall an entirely different scale is used, it being there mdinly 
Applied to the “grates” of stamp mills. According to Messrs Holman^ 
Brothers, Ltd. of Camborne the Cornish practice is represented ly the 
following table : . * ^ 

^ From A Handbook qf Gold Milliftg, by H. Louis, 3rd odn., p. 139, . <4 



Sizikg 


• 


Coniish 

Equivalent 

scale 

needle number 

• 



1 

64 

2 M 

85 

8 T 

86 

4 ! 

87 

5 1 

a7A 

6 1 

88“ 

7 i 

89 

« ; 

894 

9 

40“ 

10 ' 

41 

11 

42 

12 

1 


I'he pnictice of spacing the larger holes varies a good deal ; very 
often holes less than inch in diameter are spaced at distances 
apart e(pial to their diameters, and holes over 1 inch in diameter at 
distances e(pial to their radii, intermediate sizes being spaced pro- 
•portionatelj. The thickness of sheet or plate from which these screens 
are manufactured also varies a good deal, many makers having three 
gi’ades — heavy, medium and light for each size of hole. The following 
table shews an average practi(;e for medium weights of metal : 


Diamf'tor of liole 


inch 

o-oir) to o-on 
O'Ofl Ui O'OG 
0 06 to 0*10 
O-IO to 0-15 
0-1 6 to 0-20 
0-20 to 0-H 

0 6 to o*r> 

or) to 1-0 
above 1*0 


Thickness of 
sheet steel 


inch 

0*01 to 0-02 
0*02 to 0-065 
0*025 to 0*05 
0*06 to 0*06 
0 04 to 0*10 
0*05 to 0*16 
0*10 to 0*20 
0*10 to 0*25 
0*20 to 0*4 I 


Instead of steel sheets, iron is sometimes used; for small holes 
closely set, Russian sheet iron is much liked, or copper, brass or ^ii* 
metal is at times used instead; when the last named materials are 
employed, the sheets may with advantage be a shade thicker than in 
tfce case of iron or steel Perforated sheets are invariably manu&ctured 
by punching ; the result of this process is that the holes, particularly 
in the case of the smaller sizes, are ponical or trumpet shaped as shewn* 
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liiagimiiiiatically in the mibjoined ma^ified section, Fig. 1. , The hurt 
I thrown np by punchmg may either be left on, forming what is known 'as 
a buyip^ or inden^9 screen, or it may b^ ground off, forming a jplain 

'XlTXi 

Fig. 1. Burr of screen, 

screen. In the coarser sizes the pieces are punched clean out, thus 
making always plain screens, alike on both sides. • 

^ Woven wire screens. Woven wire screens are rart;ly used for any 
size of mesh exceeding 2 inches s(|uare and are best confined to sizes 
less than alK>ut 1 inch. For finer sizes they are in many res})ects 
preferable to punched jdate screens, and can be made much finer than 
the latter. Their material is usually steel wire, but iron, copper, bronze 
or gun-metal, and brass are also used ; bmss is especially suitable for 
all sizes finer than 40 meshes to the linear inch. The following table 
shews the thickness of wire that is generally used for the manufacture* 
of a screen of any given mesh. There is howevei* much variation in the 
practice of different makers, whilst each maker will usually furnish one 
and the same mesh made with various gauges of wire according to the 
purpose for which it is t(» be used. 



Meshes per 
linear inch 

Clear width of 
j mesh 

Thickness of wire 


' inch 

inch j 

1 

! O-Tf) to ()-89 

' 0**25 to 0*11 ! 

2 

: 0-a2 to 0-48 

, 0*18 to 0*07 { 

a 

1 0*20 to 0-27 

; 0*18 to 0*065 I 

4 

! 0-15 to 0*20 

i 0*10 to 0*050 i 

5 

: o-ior) to 0-16 

; 0*095 U) 0*04 1 

6 

1 0'()85 to O IB 

0*08 to 0*085 

7 

()()7 to O il 

j 0*075 to 0*08 i 

8 

0-06 to 010 

; 0*065 to 0*028 { 

9 

i 0 ()58 to 0 086 

1 0*058 to 0*()25 

10 

1 0*051 to 0*078 

0*049 to 0*022 ! 

12 

! 0*041 to ()*063 

j 0*042 to 0*02 ! 

14 

i 0*036 to 0*058 

1 0*085 to 0*018 ! 

16 

0*084 to 0*046 

' 0*028 to 0*016 

18 

0*030 to 0*040 

; 0*026 to 0*014 

20 

0*028 to 0*038 

! 0*022 to 0*012 

80 

1 0*019 to 0*024 

: 0*014 to 0*009 

40 

0*015 to 0*017 

i 0*01 to 0*008 

60 

0*010 to 0*018 ! 

i 0*007 to 0*004 

80 

0*011 

(0*004) 

100 

0*007 

1 s to [• Brftss 

120 

0*005 1 

! l0*008) 



; ^ iirass may oe used for tSiy siae of meeli, but its use is genem^ 
restricted to the finer sizes ; it is usual to emplay a ratler thipiser 
gauge ofd>ras8 wire than would be the case if steel being use^ 

* A modified form of wire gauze is what is known as “ Locket work " ; 
this consists of comi)aratively stout round iron* rods, i to f inch in 
diameter, running across the screen, spaced at 4 inch to 5 inch centres ; 
rouifd these rods are wound wires, running longitudinally, several tunis 
being taken round each rod, so as to leave the requisite width. The ar- 
rangement is shewn in Fig. 2 ; the meshes thus formed are usually 3 to 
inches long in the clear, and their widths usually vary between J inch 
and 1 1 inches. Locket work affords a smoother surface than ordinary 
wire gauze, but is much heavier, and has the disadvantage of presenting 
a rectangular (long and narrow) aperture. When a wire breaks it has 
to be drawn out and a new wire put in its place from end to end of the 



Fig. 2. L<Kiket work. Fig. 3. Hectional lookot work. 


screen. To get over this objection so-called “sectional locket work” 
has been introduced, in which a wire runs continuously only over one 
pair of adjoining rods, tis shewn in Fig. 3\ It does not however make 
a good screen, and has never l)een much used. Obviously locket work 
is only suitable for coarse screens, and should never be used for less 
than i inch mesh. 

An attempt has recently been madelby the Institution of Mining and 
Metallurgy to devise standard screen meshes, those selected being square 
meshes of woven wire, in which the width of aperture between the 
^res is equal to the diameter of the wires, so that the width of mesh is 
knowq when the number of meshes to the linear inch is given. Such 
screens are useful for laboratory tests, so as to secure uniformity, but 
are useless for practical screening. 

1 fhtm. Imt. Min. Eng., “Improved Coal Screening and Cleaning,” by 
? H F(a«tsr and H. Ayton, VoL i. W8P-90, p. 83.. 
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Screens. 

I^e complete 4|»i%ening appliance consists of the screening surface 
(bars, perforated j^ates, woven wire, eta) and of the fi^mework that 
carries the former. For the purpose of the present work,* screens will 
be classified into : 

1. Fixed screens. 

2. Moving screens 

(а) in which the screening bars alone move, 

(б) in which the entire appliance moves. 

1. Fixed Screens, lliis is the simplest form of screening appliance, 
and is still largely employed, consisting simply of a screen set at a 



Fig. 4. Porspectivo view of (Jrizzley. 

suitable angle so that the mineral to be screened can just slide down 
the inclined surface whilst the finer particles fall through the screen. 
These screens are nearly always made of bars arranged longitudinally, 
and held by bolts at suitable distances apart ; the frame usually consists 
of a couple of planks set on edge on either side of the bars ; thes« 
planks are best lined with sheet iron to avoid undue wear. Tlie follow- 
ing are types of this form of sizing appliance. 

Oiixxlap. The grizzley shewn in Fig. 4 is largely miied for the pre- 
liminary screening of ores, as tlie first stage of dressing. It consists 
iron bars placed on edge, and held at the required distance apart by 
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l^t8 pBJSSiqg tiirough them, with washers threaded upon them alternately 
with the bars. Such washers can be made either |rom short lengths of 
tube or by bending pieces of flat iron. The grizzley^rs are som^imes 
made of flat iron, 2 to 3 inches deep, i to 1 inch thick, spaced J to 
.3 inches apart. It is better that the Imrs should faj^er downwards as in 
Fig. and as shewn in cross-section Fig. 5, so that any pieces of mineral 
that*can enter tlie slots, are able to drop through, ami thus avoid choking 



Fig.,’). Section of (irizscley Inifh. ti* 1^0011011 of Urizzloy bars. 

tlce bars. Old T-lieaded rails, placed heads downwards, make very good 
Hf)Ugh grizzley bars. With all these bars however there is a (;hariee that 
a small flat piece of mineral may ride down on top of the bars instead of 
dropping through the s|)aces iKitween them. To avoid this objection the 
top of the bar has been made ridge-shaped as in Fig. G, this being the 
shape adopted at the Bascoup Colliery in Belgium, whilst Fig. 7 shews 
patterns adopted for the same reason in Pennsylvania. (Irizzleys are 
usually G to 12 feet long and 3 to 6 feet wide ; IG feet long and 4 feet 



Fig. 7 . Sectiniw i>f Griiszley bars. 


wide are very usual dimensions. The angle which the bars make with 
|he horizontal is usually I)etweeii 40” and GO” ; it should be such as to 
allow Jhe mineral to slide down smoothly and quietly, and so slowly Is 
to give ample time for screening to take place. 

The grizzley should always be so situated that the mine cars can be 
bmught in at such a level as to be tipped on to the head of the grizzley, 
whilst the ^versize ^lls from the foot into other cars or else passes 
to the next nrocess it has to undergo. The undersize, that passes 


|>() ^he Dressing of Minerals'' 

tibroag^ is either collected in bins or*else drops into a copveyor that 
removes it as fast a^it drops down. 

Gfizzleys are ti^tmctinies also arrange(f for washing dirty mineral, a 
stream of water playing onto the laWer as it slides down the bai’s. 

Usually the spacing of the gi’izzley-bars is fixed definitely at the time 
of construction, but it sometimes, though rarely, happens that the width 
of slot is re<iuired to be adjustable within certain limits. This is* best 
attained by making the distance pieces between the bars of a number 
of compfiratively thin horseshoe-shaped washers, one or more of which 
can Ikj taken out from or inserted into each space as required. Ad- 
ditional bars can also then be put in or removed so as to keep the 





Fig. 8, Geneml arrangement of Fixed Colliery screen. 

total width of the gi’izzley always the same. The same object is some- 
times attained by a complicated arrangement of long right and left 
handed screws passing through all the bars and by various other 
devices, which present the advantage that any change recpiired cafl 
be made more rapidly than by the first method; they are however 
^nerally looked upon as too complex and delicate for such rough work 
as screening coai'se mineral 

Coal Screens. Fixed screens were at one time largely used for 
screening coals, but, for the reasons given below, their use has bOten 
almost entirely discontinued. They consist of bars of flatiron usuidly 
about i inch by 1| inches spaced } inch to 1 inch apart, set at at| angled 
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ofabout 45° ; the screens are usually 14 feet to 18 feet long and 3 f&et 
6 inches wide. About J way down a flap door (By Fi|. 9) is placed turning 
about its upper horizontal edge ; this is usually cldfed, so that js%en a 
tub is tipped the coals can only iSide as far as^he door. When the 
8<)rter at the foot oJF the screen is ready for the coals he lifts the door by 
pullmg the handle and lets the coals slide (juietly down the screen ; the 
object of this arrangement, known in various districts as the “ Kep^ier ” 
or ‘‘Keei^er," is to let the coals down gradually so as to minimise breakage 
and* also to keep the coals of each tub sejmrate till they have passed 




Fig'. 9. Fixed screen with “Keei>or.” 


•the sorters. The general arrangement is shewn jn one of its usual 
f. orms in Fig. 8, and the detail on a larger scale in Fig. 9’. 

Mention may be made here of a type of screen which though really 
filked, resembles' moving screens in its results ; this is the McDermott 
sizer, which consists of a fixed inclined screen of small mesh, over 
which material is caused to travel by the pulsations of the water in a 
lx)x in* which the screen is fixed, these pulsations being caused as in the 
ordinary jig (see page 257). It is said to do good work on flue sizes. 

m2. Mowing Screen!. The objections to fixed screens are that they 
rapidly beco/ne choked up or “dumb” in screening wet material ; that 


* Tram. Min. InH. Scot Vol. xt p. 183. 
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small pieces may ride down upon larger ones and the sizing thus’*be 
very imperfect ; that they require a great ^eal of head-room ; that they 
need%l;tention ancRmore or less hand labour ; and finally that they break 
up the mineral a great deal, this lasf objection applying mcp^e especially 
to the screening of such a material as coal, in which^the large lumps or 
“ round " coal are in many cases worth very much more than the sniall 
Accordingly it will be found that a very large proportion of moving 
screens have been devised purposely for the sizing of coal, the main 
object in view being to jiccomplish a thorough sizing with as little 
breakage as possible of the coal. Two or more, sometimes as many as 
half a dozen, sizes may 1x3 made sinndtaneously, the requisite number 
of screens lx3ing arranged cither vertically or horizontally in their 
proper order, and cither Morked independently of each other, or else all 
simultaneously by the same me(;hanism. There are obviously two ways 
of arranging such multiple screens: either those with the largest 
apertures may come first, when all that refuses to pass through the first 
screen or its over-size forms the coarsest size, whilst the materipl 
that passes through, or its under-size, goes to the next screen, and so 
on. The refuse or over-size from each screen thus forms the sized ' 
material, whilst the screenings that pass through, or the under-size, need 
further sizing. In the other method the finest screen comes first, and 
then the under-size from each sieve form the sized material, whilst the 
over-size has to be sized further. The former system lends itself the 
more readily to the nesting of flat screens of the type now under con- 
sideration, and is moreover free from the serious objection that if the 
finest screen comes fii-st it is apt to be worn out unduly by the coarse 
material passing over it ; coarse screens on the other hand being made 
of stouter material can better resist the wear due to large rough 
fragments and to the larger amount of material that passes over them • 
if the first method is used. Hence we shall find that the former method 
is practically always employed except in the cases in which a series of 
screening surfaces are set one following the other in the same planh, 
when the first must necessarily be the finest. Such screens will here 
be called compound screens, whilst those arranged on the first plan, one 
over the other, will for the sake of distinction be spoken of as complex 
screens. 

2 (a\ Screens, the screening bars of which alone move (inde- 
pendent motion of bars). These screens are mostly bar screens or screens 
of some similar type, for the obvious reason that quite independent motimt 
only be attained when bars are used ; with punched plates oi^,wovoi^ 




Fig, 10, Old Briart screen 
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wlr© th6 entire ecr^ning surface, or at least a considerable section oi.it, 
miist of course mov^ as one piece. The objection already stated to bar 
acrecfs, namely th^t they allow large pieces to pass through if flat, has 
tp Some extent militated against the more extended use of some of 
these screens. 

Biiart Screen. This screen was designed by M. Alphonse Briart 
^ and employed in 1H72 at the Bascoup and Mariemont Collieries. The 
^ original form is shewn in Figs. 10 and It consists of bars alternately 
fixed and moving, all being in one plane when the latter are at rest in 



one particular position. The alternate moving bars are secured in 
, a frame the lower end of which is hung by means of swinging Jinks, 
whilst the upper end is connected by rods to a pair of eccentrics 
keyed in parallel positions on a driving shaft. During one half of the 
revolution of this shaft, the moving bars are above the plane of 
the fixed bars, and below that plane during the other half. The 
direction of revolution of the shaft is such that the eccentric is moving 
in the direction from the top to the bottom of the bars during the first 
lialf ; hence when coals are thrown upon the upper end of the screep, 

* PuM. dtf Id Soc. du ffcdnaut, ^Note sur im syst^me de Triage Mificaiiique,’’ by 
Alph Briarf^ l^rifla it VoL nr. 187.S, p 67. 
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those resting upon the moving* bars are carried forward towards th 
lower end during this half of the revolution of thephaft, and are at res 
during the oAer half, supported by the fixed bara At the above «mne( 
collieries pairs of screens are arranged one above the other, the bar 



i!^Sl 











of the upper one being about 6 inches and of the lower one 1*5 inches 
af»art ; the capacity of this plant was about 60 tons per hour and its 
power congumption 2 h.p., the shaft making 35 revolutions per minute* 
It was found that this screen made fully 5 per cent less smfdls than the 
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old type with fixed bars. In some direfiil trials it was tt^una tnaji a 
single screen could^ork up to a maximum of 80 to 100 tons per hour, 
takii^g 1*626 LRi^of which 35 {yer cent* was absorbed by the engine, 
38 per cent by the screen running empty, and 27 per cent, in moving 
the coal 

This screen was soon improved by making both se*t8 of bars movable ; 
each is attached to a suspended frame and each is actuated by cfanks 
or eccentrics set at 180° to each other, the direction of revolution being 
such that it is always the set of bars 4;hat 
is above the other that is being moved 
from the top towards the bottom of the 
screen. The coal is thus carried forward 
during one half of the revolution by one 
set of bars and by the other set during the 
second half. The capacity of the screen 
is thus greatly increased, whilst the coal 
does not undergo any rougher treatment. 
Such a screen is shewn in Fig. 11. 

The objection that flat pieces may fall ( 
down between the bars has been overcome 
by an arrangement adoj)ted in several 
West[)halian Collieries. Here the bars 
consist of channel iron bottom uppermost, 
the lK)ttom web being punched with round 
holes through which the coal is screened, 
whilst the bars themselves are only 0*2 
inch apart ; the bars are 4 inches wide 
and are punched with 3 inch holes, as 
shewn in Fig. 12 \ A comidete screen, , 
as built on this principle by the Humlwldt Engineering Compiiny, 
is shewn in Fig. 13. 

Ooxe fcreen^. In this screen, Figs. 14 and 15, designed by Eckley 
B. Coxe, the bars have the peculiar curved shape shewn in Fig. 14, 
Tlie upper ends of the bars rest upon iron rollers, the latter being 
carried on horizontal steel plates, so that the bars have ^rfoct 
freedom of movement in a horizontal directioa Tlie lower ends 

^ BvM. de la Soc, <k rind. JMinerale^ “Voyage eu Westpholie,” by Mm. Matfiel, 
De Qoumay and Suiiise, Series ui. VoL i. 1887, p. 65. 

* Tram. Anur. Jn$t. Min. JBng. Vol xix. p. 402. 





Fig. 13. Humboldt t^pe of Briml screen. 
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of ihe bar^are provided with semicircular 
notches, which rest on a pair of transverse 
shafts situated in the same plane, but one 
about 18 inches in front of the otha*. The 
bars rest alJernately on the front and on 
the back shaft, eacfi set partaking of coui*se 
of tlTe motion of the shaft upon which it 
rests. The shafts are connected by moans 
of occentric ro<l8, each to two pairs of 
eccentrics keyed on one driving shaft, at 
angles of 180° from 
each other. The throw 
of the eccentrics is 
3 inches. Each ec- 
centric rod is sus- 
pended by a swinging 
link attached to a 

pin passing tlirough the rod, the position 
of the pins being such that their distance 
from the centre of the carrying shafts is 
one half of the distance from the pins 
to the centre of the eccentric discs. The 
links l)eing comparatively long, when the 
eccentric shaft is revolved, the pitis whic^h 
connect the links and eccentric rods move 
in an arc of a circle so large that it may 
be looked upon as practically a straight 
line, so that these pins travel backwards 
, and forwards practically 3 inches. As the 
supporting shafts are only half as far from 
these pins as the eccentrics, they have 
only one half of the vertical motion of 
the latter, hence the shafts carrying the 
ends of the screen Iwvrs describe what 
is practically an ellipse, of which the 
horizontal major axis is 3 inches and 
the minor axis inches. A diagram of 
the motion is shewn in Jig. 16, where 
A is the popt of suspension of the link and 
B the centre of the eccentric shaft, the 
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* snoceariTe positioiw of the bars being stiewn at 0, 1, ... 7, cotresponding 
to the similarly mlmbered positions of the eccentric. It is evident 
thatithe path de^iribed by the bars is nearly a true ellipse. As 
in the Briart scree^ the set of ttirs which is above the other is 
always moving forwards, the back stroke taking place whilst it is 
below the other set. Hence the anthracite (for wfiich this screen is 
used) is earned forwards by G inches in eacli complete revolution 
of the driving shaft, whilst the rise docs not exceed J inch, so that 
in this screen tender coal can l)e screened without being thit)wn 
up and down at all violently as may be the case with the Briart screen 
when worked fast. The Coxe screen shewn in the figure, about 
9 ft. long X .5 ft. wide, lying at an angle of about G°, has a capacity of 
about 120 tons per hour. 

Chambers screen. This screen is the invention of Mr Chambers, 
and is in operation at the Denaby and Cadeby Main (.^ollieries and 
others. It is shewn in plan and elevation in Fig. 17 and in persf)ective 
in Fig. 18. In this screen, as in the improved Briart, the bars are not 
solid, allowing the coal to drop through the interspaces between them, 
but they lie so close to each other that there is practically no screening 
space between them, the smalls dropping through apertures in the bars 
themselves. These bars are of cast steel and have the form of inverted 
channel irons with square apertures in the flat upper surface. All 
the alternate bars are coupled together, so as to form two separate sets. 
The bars are set h\ motion by two pairs of eccentrics keyed at 180° to 
each other. One pair of eccentrics drives front and back rocking 
bars, A and B, having the shajM) of inverted T’s, from which project 
pins that fit into corresponding recesses in the screen bars and give 
alternate sets an up and down motion, whilst the other pair of 
eccentrics drives another rocking link, ( 7 , the two ends of which 
move alternate sets of bars back and forwards. The result of this 
arrangement is a back and forwards motion of each set of bars 
combined with an up and down motion, so an-anged that the forward 
motion takes place whilst the bar is moving upwards, so that, as 
in the previous examples, the coals are moved slowly along the 
screen. 

This screen is unusually free from injurious vibration, is relatively 
silent in operation, is simple and easily repaired, and the bars can 
be taken out and pthers with different sized perforations, substituted 
rapidly and i^eadily; any size between I inch and 6 inches ^uare 
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tufty thus be made. The screen bars are usually 12 fe^t long ^nd 
the screens themselves are usually from 3 ft. 6 in. to 6 ft wide. A screen ^ 
4 ft 4 i 6 in. wide wiH treat about 120 tons per hour and requires about 
3 H.P. to drive it ; itg cost is about Cl 2.5. 


Borgmann and Emde screen^. This differs a good deal^from 
those previously considered. Tlie type shewn in Fig. 10, inanufacfcured 
by Messrs Schiichterinan and Kremer, consists of a number of fixed 
longitudinal bars, rectangular in section, whilst the transverse bars of 
round iron are caused to revolve. The longitudinal bars consist of flat 
iron set on edge, in the upper edges of which semicirciilar notches 
are cut. These support the transverse round bars, each of which 
terminates in a sprocket wheel, so that all can be simultaneously driven 



Fig. iS. 1 *er«|)octi VC view of ChuinbcrH screen. 


in the same direction by means of an endless chain into the links of 
which all the wheels gear. Instead of this driving arrangement mi 
outside lay shaft parallel to the length of the screen may be used, 
driving the bars by means of bevil gearing. The coal thrown onto the 
screen is carried forward frictionally by the rotation of the bars. This 
screen is used in Bochum ; it will work when horizontal, hence needs 
a minimum of headroom, is very free from jar, and does not break the 
.coals at all ; it also has the advantage of having s<tuare apertures, but 
on the other hand it is decidedly heavy. A usual construction is with 
round bars Ij inches in diameter, set 3 inches apart in the clear. The 
flat bars are also 3 inches apart in the clear ; the screen is 7 feet 
long with 18 round bars making 60 to 60 revolutions per minute,^ 

f 

^ ZHUchr.f. B. Jff, u, IVmn im Prem, Stoat. Vol xxxv. p. 264. 
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^ modi^cation of this screen has been introducec^ at Bethime^ m 
• shewn in Fig. 20. It differs from tlie last in that the longitudinal flat 
iron bars are given a small up and down motion, JImparted to ^heir 


I 



Fig. la Borgmaini and Emdc screen. 


upper ends by an eccentric, wliilst the lower ends pivot on a fixed bar. 
The round transverse bars and the flat longitudinal bars are respectively 
31* inches apart, thus forming a square mesh of this size. The 


Bull Soc. Ind. Min, VoL xv. 1901, p. 401. 





Fig. 20. Bethune screen. 

included here, namely screens of which only the screening surflMje 
moves, hut which are not bar screens ; such are for exapple certain 

foi*nift iSpj nhtlrimr wfiinli oka _ .x „ <• 
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colisisting of* endless belts of various types, with perforated surium 
^liesd will be considered under the head of pickin| belts (see p. 00)* 
Again there is a form of vibrating screen, in wl^eh the sci'eeding 
surface, usually of wire gauze attju^h’fed to a light Mme vibrates inside 
what in other types js looked upon as the frame pro{)er ; this however 
is better classified as a modification of vibrating screens (see p. ilB), 
mtlier than under this head, as the screening surface moves as 
a whole. 

2 (b). Screens in which the entire appliance moves. In this 
class we shall find a comparatively small number of coarse screens, 
whilst secondary or fine screens l>elong to it almost exclusively ; the 
• reason, obviously enough, is that the j>reviou8 class consists of bar 
screens which are only suitable to coai*se sizing, whilst fine wire gauze 
and perforated plates, which arc necessarily retjuired for fine sizing, 
can be employed in most fonns of the class next to be considered. 

•Ibis class may be divided into three groups according as the motion 
imparted to the screen is 

(a) Reciprocating, 

( 0 ) Gyrating, 

(7) Rotating. 

(a) Reciprocating icreens are often spoken of as Shaking or 
Vibrating screens. The motion may be either a “ bump " or a true 
. shake. In bumping screens, the shock at the end of each stroke is very 
efiective in securing thorough screening, and, in most forms, also in 
moving the mineral forward, so that a very flat grade will suffice ; at 
Mie same time it is apt to break up tender minerals and tlms to make 
smalls. For this reason we shall find bumping screens almost confined 
to the sizing of ores, whilst vibrating screens are preferred for coal 

Bumping screens with vertical motion. In this arrangement 
the screen may be hinged at its lower end, the upper end being lifted 
by a cam and allowed to drop onto a massive wooden block or bumper* 
The screen should be so arranged that when the top end is in its lowest 
position the mineral to be screened cannot slide down it, but when 
lifteQ by the cam its an^le to the horizoota) »}JOu)d Jw$ 
ai^le of r^[>ose of the mineral In this way the mineral will slide down 
n IIMe Wr iit each stroka and the bump need only be severe enot^ 1 
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to shake the pieces of mineral so as to prevent small .pieces from 
riding on the larglr ones. 

ft is more U8i(al to hinge these screens at the upper end and to 
lift the lower by a ^am, allowing iff to drop sharply against a bumping 
piece. In this case the angle of the screen at no time exceeds the 
angle of repose and tliere is no tendency on the part of the mineral 
to slide down the screen. When the screen is moved, and the mineral 
with it, the latter has a certain amount of momentum imparted to 
it ; when the screen is suddenly stop|)ed by striking on the bumping 
piece, the mineral tends to continue its motion downwards, and, as the 
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Fig. 21. Vertical biiuiping Hcrecn. 


result, is moved down the inclined plane formed by the screen. T1 
rate at which the minenil is advanced at each stroke will be greatc 
the greater the inclination of the screen and the mass of the individu 
pieces of mineral, and the less the friction between the pieces of miner 
and the sci’een. Tliese screens are used a good deal in Germany ; a 
typical example is shewn in Fig. 21. 

Bumping icreens with horixontal motion may move in either a 
longitudinal or a transverse direction ; the former is preferable bectfhse 
it aids the travel of the mineral along the screen, whilst it is, at the 
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greens are thrust slowly in the required dilution by means ol 
% caln and then fall back sharply again, the moment ^the point of the 
cam has cleared the tappet against which it presM ; the slow move- 
tnent upwarc|^ of the screen does not displace the minernl on it, but 
the latter is jerked* forward owing to the momeiituin it acquires during 
the r^pid fall back of the screen ; this effect may Ikj accentuated by 
causing the screen to strike against a bumping block. In many screens, 



Fig, 22. HorizoiiUU bumping Bcreou. 

however, the rapid return of the screen to its original position is 
sufficient without any definite bump. A screen of the latter type ds 
illustrated in Fig. 22. The cam shaft is vertical and the cam acts upon 
a tappet which slides along the tail rod and can be set at any desired 
point so as to enable the amount of throw to be varied as required. 
These screens are often made double, thus making three sizes, but each 
or\he screens is suspended independently and moved by its own 
single-toothed cam, these cams being set at 180^ to each other so as 
to bakiice the strain on the driving engine. 
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Screens of the last two kinds are of about equal efliciency ; .their 
lengths are usually 3 to 6 feet, with a width corresponding to the amount? 
of ^mineral to be treated ; their inclination to the horizontal varies 
generally betweemeJO® and 20® ; ^che number of blows per minute is < 
usually between 100 and 200, the length of stroke varying from 1 to 
4 inches. An ordinary screen about 6 ft. x 3 ft. will treat 10 to 30 tons 
of mineral per hour and will alworb 1 to 2 h.p. Both of these screens 
are l)etter suited to ores than to coal as they tend to break up the 
mineml a good deal. 

Shaking or vibrating screens, often called Jigging Screens, are very 
largely used both for coal and for other minerals ; they are usually 



set in motion by means of a simple eccentric as shewn in Fig. 23, which 
represents a screen built by Messrs Head, Wrightson & Co., Ltd. 
Screens of this tyj)e are arranged either as simple, as compound, or 
as complex screens. The screening surface may l)e of any kind, gauze^ 
locket work, bars, and perforated plates with apertures of various 
shapes all being used ; bai*s are not however much in favour, whilst 
the lightness of gauze screens leads to a preference for this material 
"^e entire screen with sheet iron sides and hopper l)eneath may be ^ 
moved as shewn in Fig. 28, being in that ca«e suspended by means 
of links or rods. The suspension usually allows the angle of the screbh 
to be altered when desired. Another plan, shewn in Fig. 24, which 
represents a screen built by Messrs Coulsou & Co., is for the sides of 
the screen and the hopper to be fixed, whilst the screen vibmtai 
supported merely on a light frame, hung from short anps ; the latter 
m^ iiSttaUy pivots on the upper edge of the fixed sides |md Hip 
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outside tlio latter, which are provided with curved slots in which the 
^ pins; that connect the screens to the arms, can move freely. This system 
is somewhat more complicated 


and does not as a rule allow 
the angle of the 8<jreens to be 
changed ; it may also make a 
trifle more smalls than the 
former method, but presents 
the Advantage of compactness, 
and of a much lighter moving 
load. 

The angle of jigging screens 
as used for coals is usually 
between 10° and 18° to the 
horizontal, 14° being an average 
inclination ; the length of stroke 
i^ usually between 5 and 9 
inches, and the numl)er iKitween 
70 and 120 ; as a general rule 
these last two figures vary 
inversely, and the number of 
strokes per minute, multiplied 
by the length of strokes in 
inches, should give a product 
that does not vary much from 
600, or perhaps a little less for 
very short strokes and rather 
more for long ones. These 
•screens are usually 4 to 5 feet 
wide and 8 to 10 feet long; 
their capacity is between 40 
and 100 tons of coal per hour 
according to circumstances, and 
the power re(iuired to work a 
screen is usually from 2 to 3 
I.H.P. When two or more 
screens working independently, 
ie.® not “nested,” are used, 



their eccenUics are best all keyed on one shaft and so arranged as t< 


balance each other and to keep the strain on the driving power as 
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uniform as possible. These screens are noisy and tend io rack -the 
structure in whicl/ they work a great deal, but are simple, eflective, 
easi^ kept in ordc^ or repaired, and arc hence much used. They also 
admit of the screemng surface beflig readily changed when the sizes 
have to be varied, or of the screens being “pjated” or rendered 
“dumb” when they arc required to discharge unscreened coal or “run of 
mine.” 

The Klein Screen made by the Humboldt Engineering Company 
is shewn in i)erHi)e(!tive in Fig. 25, and in plan, elevation and sectibn in 
Fig. 2(F. As shewn, the screen is carried upon a swinging frame sus- 
pended by means of links, the frame being actuated by means of a crank 



Fig. ‘i."). Perspective view of Klein screen. 


^haft close to the back of the screen. The lift is thus a maximum at 
the back end, and the upstroke is much quicker than the downstroke, 
whilst the whole screen receives a rapid to and fro movement, as 
shewn in the diagram Fig. 27, the upward motion being about 2^ times 
as rapid as the downward motion. The coal is thus thrown forward 
rapidly and unifonnly by this motion even though the screening 
surface be absolutely horizontal ; a very high capacity is claimed for 
this screen. A screen 13 feet 6 inches long and 4 feet 6 inches w^de 

* TVyiw#. Fed. /wif. if. E. “ Aiitliracite coal-breaking and sizing plaifi at Glyncasde 
colliery,” by W, D. Wrigbt, Vol xii. 1806-97, p. 238. 



Fig. *26. Eleratioii, plan and section of Klein screen. 
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with 2 inch mesh, making 130 2\ inch strokes per minute will screen 
close upon 150 toni of coal per hour. 

Somewhat similar to the Klein screen, but rather simpler in con- 
struction, are the Ibaue Screen, nfade by Messrs Schiichtermann and 

Kremer, ^ewn in Figs. 28 and 



28*, and Dumford and 
Wormald’s Screen, made by 
Me8si*8 Head, Wrightson and 
Co.. Ltd., shewn in P'i§. 29, 
both being arranged as com- 
plex screens, with two screen- 
ing surfaces, one above the 
other as indicated. 

Another form of screen, 
made up of a number of 
short transverse plates, each 
of which receives a rockiqg 
motion from one pair of 
eccentrics, is shewn in P^ig.3(). < 
This is known as the Anti- 


Fig. 27. Diagram of motion of Klein screen. breakage '' Screen, and is 

also made by Messrs Head, 
Wrightson and Co., Ltd. Each plate in turn rocks to and fro, and thus 
moves the coal along from the head to the foot of the screen, which 



Fig. 28. Klevatiou of Lane screen. 


must be inclined at a moderate angle; the motion is a fairly smoOth 
one, but there are many wearing parts. • 

rk sp^al form of screen known as the Impact Sorcfn haji#^ 



Transverse section. 

F|g. 28 *. Longitudinal section, plan, and transverse section of Laue screen. 
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lately been introduced by the Wilfley Ore Concentratoi* Syndicate, 
Ltd., which consists of a screen usually of fine mesh and set at a* 
rather steep angle, which receives downward jerks from a cam at 
the rate of 600 pe^minute, the scitjen being thrown upwards again by 

a sprjng. ^is screen is 
arranged to work either 
dry or wet; the makers 
claim that one screen 
3 feet by 3 feet will do 
the work of two ordinary 
“trommels.” 

A special type of re- 
ciprocating screen has 
been introduced of late 
years, more particularly 
for screening coal, in 
which the oversize is 
carried along on the 
screen, often for con - 1 
siderable distances; these 
screens may hence be 
distinguished as “ con- 
veyor ” screens. 

The Zimmer Convey- 
ing Screen, Fig. 31, con- 
sists of a shallow trough 
with suitably perforated 
bottom, supported on 
short pivoted legs made» 
of elastic wood, and thus 
acting in part as springs ; 
it is worked by a crank 
shaft, the connecting rod 
being coupled to the 
trough by a 8prin|; 
attachment so as to 







The Ferrari screen is practically identical with this 


jerk it forward 
form. 

Marini Sxcelaior Conveyor, Fig. 32, is also a trough^ suspended!; 
Irijm short arms, in which the adrance of the coal is brought abcgit by^ ' 




EIcTation. 

Fig. aa Marr Excelsior screen in plan and elevation. 
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special composite crank, as shewn in Fig. 33, on a Jlarger 
which gives a qui(Sk forward motion and a slow return, thus moving 
thetcoal along. Owing to the shortness of the arm there is a noticeable 
vertical motion aXwell as a horizontal one. 

The Marcus Screen is somewhat similar in desigh to the last- 
named ; the narrow screening trough is carried upon wheels or rollers, 
and receives a motion forwards which is slow at first and giVlually 
accelerated for about three-fourths of the stroke, when it slows down 
again. The mineral is thus given sufficient momentum to enable it to 
overcome the friction of the surface upon 
which it rests and thus to move forwards ; 
during the slower backstroke it is not thrown 
back again, and is therefore advanced over 
the screen. The action is smooth, owing to 
the slowing down at tlic end of the stroke, 
and the appliance is quite efficient, though 
running only at 00 to 80 strokes per minute, 
Marcus screens have recently been erected 
caiKible of dealing with from ,8") to 150 ton^^ 
of coal per hour. 

The KreisB Screen is very like the Zimmer. In France^ a Kreiss 
screen has been used for making 5 sizes of coal, namely, 0*4 inch, 
07 inch, 1*4 inch, 1*8 inch, and 2*4 inch. The entire screen is 21 feet 
0 inches long and 24 inches wide, and the screens are arranged succes- 
sively, the smallest mesh coming first. The entire screen has a slope 
of H'’, and is carried on four legs 13*4 inches long, which vibrate through 
an arc of 6°, namely from 68'’ to 74°; it is worked by a crank having a 
throw of 0*9 inches at 320 strokes per minute. The entire screen 
weighs 10 cwi)., and the momentum due to its movement is absorbec^ 
by 3 nests of spiral springs placed at the upper end and 4 nests along 
each side (or 11 groups of springs in all) so arranged as to take up the 
movement either upwards or downwards. At the head of the screen is 
a Kreiss conveyor, attached to the screen and working with it, 13 feet in 
length, which brings the undersize from a screen of 3*15 inches mesh. 
This arrangement can handle 20 tons of coal per hour. 

(^) Gyrating Bcreens. This class comprises screens that have a 
motion of revolution round a vertical axis, the path of revolufion 

1 Complet Rend, Soc, Ind, Min, January, 1907, p. 21. 



Fig. 33. 

Driving iiiecliaui«m of tlie 
Miirr Pjxcclsior .scrucii. 





Fig. 34. Small vibromotor wcreeii. 

The motion of a gyrating screen resembles closely that given to a sieve 
in hand-riddling and may be looked upon as the most perfect type of 
screening motion. 

Vibromotor tcreeiiB. The vibromotor is a device invented by 
Mr W. Beaumont^ and it has been applied to the screening of minerals 
< ‘ Journ. BriuSoe. Min. Stud. Vol xxii. 1900, p. 105. 
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by tfie Hardy Patent Pick Go., Ltd The vibromoton consists ot 
St vertical flexible *or jointed shaft which is secured eccentrically to^ 
i hiavy horizontal block or disc. When the shaft is rotated the point 
>f insertion of theVihaft in the w^rfight describes a circle the diameter • 
)f which deiHiiuis u|K)n the velocity of rotation and yn the weight of the 
moving parts. If the lower end of the shaft is attached to a screen freely 
suspended, e.g. by roj)eH, the screen will be gyrated with it, ancf owing 
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Fig. 35. Lai’ge vibromotor screen. 


to its inclined surface a j^rticle placed on the screen will descer 
slowly, describing a series of nearly complete elliiyses, and thus trav 
over a large portion of the surface of the screen, so tlmt thorough 
efficient screening is obtained By means of this mechanism, mor 
over, all the power is utilised in moving the screen, and practically i 
objectionable vibration is communicated to the framework or buildli 
in which the screen is contained A small screen usho^ a simple for 
of th|» appliance is shewn in Fig. 34; this is iu|^ided for ,4ealii 
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with iron # 0 } at the rate of 2 tons per hour and using IJ to 1} H.P. < 
A similar form^ may be applied to coal screening; the screen is 6 feet 



Fig. 36. Karlik pendulum screen. 

^ Tram. Fed. Inti. M. K, Coal-washing plant at the Wiiral Oellieij,” by Jamea 
Platt* Tol XL 1895-96, p. 55. 
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§3 The Dressing of^ Minerals 

by 4 feet and weighj 3i cwt.; the shaft makes 250 to 350 cevolutions 
per minute and the screen is capable of screening 25 tons of coal i>er 
houi^ through a | ii^h mesh, using about 2 h.p. Fig. 35 represents 
a heavier screen to treat 30 tons of^ coal per hour, using ^3 J to 4 H. P., 
and with the driving shaft making 350 revolutions p^r minute. In this 
screen the vibrornotor is in the middle instead of at the upper end, and 
consists of an arm along which a weight slides instead of an eccentric 
disc. The mode of action is obviously identical. 

Karllk’B Pendulum screen. This screen, made by Messrs Schiicli- 
tcrmann and Kremer of Dortmund, is in use at several Westphalian 
collieries. Its construction is shewn in Fig. .30 ; it consists of a nest of 

complex screens, usually con- 
taining 3 or 4 screens, sus- 
pended by iron rods from a 
pyramidal framework of iron ; 
the suspension is a simple ball 
and socket joint, giving great 
freedom of motion. One side 
of the nest of screens carries 
a tray into which the coal tubs 
are tippled; this tray is pro- 
longed into a girder running 
on rollers which steadies the 
movement of the screeii. The 
driving mechanism is under- 
neath the nest of screens, and 
consists of a short vertical 
shaft driven by a belt and 
properly supported on a step bearing. To the upper end of the 
shaft is keyed a horizontal disc fonniiig a crank, the pin of which 
actuates the screen. Tliis mechanism is shewn in Fig. 37. The 
l^arlik screen is capable of treating from 25 to 50 tons of coal per 
hour, and requires 4 to 8 h.p. to diuve it. 

ffcreen. The single Coxe screen^ consists, like the last, of 
a nest or screens one above the other, moved also by a crank placed 
below the screen, keyed on the end of a short vertical shaft. Instead 

^ Tram, Anur. Imt. Min. Eng.^ “Tlie Iron Breaker at Driftou,” by Eckley B. 
m. 1890-91, p. 398. 



Fig. 37. Driving mechanism of Karlik screen. 
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of •l)eiiig suspended, it is carried upon 4 double cones which give it 
^ perfect freedom of motion in a horizontal plane, the only condition 
being that the angle of the generatrix of the cone ABC^ Fig. lihall 

be such that*cos-4J5C= ^h^w ofemnk for coal screens the 
, diameter of base ot cone 

throw of the crank is usually aliout 2 inches. In order to prevent these 
double cones from flying out or shifting from 
their places they must be guided so as to keep 
in a *( 10111111/0 track ; various methods of doing 
this are shewn in the Figures, the mechanism 
being shewn in Fig. 89. The complete screen 
is shewn in perspective in Fig. 40, and it will 
be noted that the eccentric disc is counter- 
balanced against the centrifugal action of the 
screen box, the centre of gi*avity of which is 
necessarily not in the centre of rotation. The result of the aliovo 
described method of suspension and gyration is that each portion of the 
screening surface describes a circle, but that no two of these circles 
have the same centre. These screens are largely used in the anthracite 



Fig. 88. Diagniin of cone 
of (N)xo gymting screen. 



region of Pennsylvania ; a favourite size is 4 feet by 6 feet screen area 
for each screen, there being from 2 to 6 screens in one box ; the best 
speed for working is about 140 to 145 revolutions per minute. 

•Coxe screens have been adopted at St Eloy^ for bituminous coal 

* Bull. Soe. Ind. Min.^ “ Hooillk'es de Saint-Eloy,” by M. de Morgues, Series stL 
Vcl xt 1697, p. 745. 
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* • r &0+ r. inrhes bv 3 feet 3 inches^ the depth 

Ibe area of the scr^n « , 2 i^ehes, and it contains •> 

of the box 18 from 1 foot 9i me diameter 

3 acAens; the top ({.>e is punched w.th ^ ^ i„ehe8 

„d I. .. . .1.P.V < «t i»i.. 1 1 i i*" 

dlameter and a 5 per cant a 

diameter and a 6 I)er cent, slope Four ■ , 

The screen runs at ir..^ revolutions per mmute and cap 



Fig. 40. PcrsiMKitive view of single Coxe screen. 

treating 25 tons of coal per hour, making five sizes, the apertures in 

weTrbrSnTL sizes ranging from 4* inches to 2 inche. 

' ^ W trelt 80 tons in the same time, both screens making 140 revolu- 

i Tr.r»« «r»» k*" ■*> *«» “«» f» r* !“ 

^ S»» »d in 0««anj, ».d «■» 

1 /fe,. ITnir. </« Mine,, “Mparation mtamique des Minerafa,” by Aug. Gillo.^ 
, Baa*, m Xt^ XIX. 1892 , P- 133 . 
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l>ouble <Joxe screens have also been used in Pennsylvania; as shewn 
•in Fig. 41, they consist practically of two screens of the first tyjye set 
side by side, the motive mechanism consisting of two verticiil shafts 
arranged between them, with twtf eccentrics on each shaft By this 
arrangement flic la^teral pull of the screens is to a great extent balanced 
and the screens work more smoothly than do the single ones; the whole 
of the centrifugal force cannot, however, be completely Imlanced in this 
way, but this is thoroughly effected by means of tw<> light shafts on 
which counterjjoises arc keyed, placed at either side of the structure 
and driven by means of a belt from the shafts that (;arry the driving 
eccentrics. Thus arranged the screens run very smoothly, so much so 
that nine sizes of coal can be made in one nest ; their ai'ca is '> feet by 
6 feet and the inclination of the screens range from 1 per cent, for the 
coarsest size (C)} inches) to H jier cent, for the finest ( inch). 

The Klonne screen is not dissimilar to the last ; it consists of a nest 
of screens moved by a crank, the screens being in this case carried on 
four segments of spheres uiM)n which rest brackets bolted to the box in 
which the screens lie; it is said that with screens of an area of 7 s(juare 
feet the appliance is capable of treating KM) tons of coals i^er hour. 

(7) Rotating screens. These screens are genemlly spoken of as 
Trommels, a (lerman word (meaning drum) that has passed into pretty 
general acce[)tation ; they consist of either cylindrical or conical 
screening surfaces (exceptionally prismatic or pyramidal) rotating alxuit 
horizontal or slightly inclined axes. The trommel diflers from all the 
other types of screen that have hitherto been considered inasmuch 
as with the latter the entire screening surface is in continual use, 
whilst with the trommel oidy a small proportion is in iiction at o!»e 
• time; for instance, only about 20 inches of a trommel 5 feet in diameter 
will l)e covered under ordinary circumstances, or say under 10 jKjr cent, 
of the entire surface. 

The angle of inclination of the screening surface of the trommel 
must always be considerably less than the angle of repose of the mineral, 
so as to prevent the latter rolling straight down it ; the angle must 
however be sufficient to produce a forward motion of the mineral. 

In the conical trommel the shaft is horizontal, in the cylindrical 
trommel it is inclined ; in the former case the mineral to be screened 
enters at the smaller end, in the latter at the higher, and thus 
in both cases is moved gradually down the inclined plane formed by 
the tr<pimel surface. In the cylindrical trommel a particle of mineral 
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placed, saj in the central line of the trommel at the top , end, will be 
carried up the side* of the trommel, by the revolution of the latter,® 
until it reaches such a height on the side that the slope of the screen 
to the horizontal exceeds the angle? of repose sufficiently to cause the 
particle to glide downwards, which it will do, of couf’se, down the 




Fig. 42. l^atli of a particle inside a cylindrical tronimoL 


steepest path until the momentum with which it commenced its fall 
is exhausted, when it will again be carried up, and so on; it thus 
pursues a zigzag course along the side of the trommel until it is finally 
discharged The motion of a particle along a conical trommel is 
similar, the chief diflerence being that in the conical tromiyel th« 
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particle will .be carried up in a vertical plane, whereas in the cylin* 
irical trommel it will ascend in a plane perpendicular to the axis 
and therefore inclined to the vertical; hence the rate of progi*e8^n 
of a particle in a cylindrical tromftiel will lie more rapid than in a 
conical one at* any^ point at which the two trommels have the same 
diameter, provided that the inclination of the axis of the one is equal 
to the inclination of the generatrix of the other. The theoretical 
paths that would be taken by individual i)article8 along tlie inner 
surfaces of trommels are shewn diagrammatically in Figs. 42 and 43, the 



Fig. 43. Puth of a particle iimido a conical trommel. 


former representing the cylindrical and the latter the conical trommel. 
In practice, of course, a number of jiarticles are introduced simul- 
taneously, and the mass will move forwards with a slight zigzag 
motion, occupying a portion of the circumference of the trommel, which 
can be approximately detennined by the following method, for which I 
am indebted to Prof. R. M. Ferrier, M.Sc. 

la Fig. 44 let KM be a section of part of the surface of the trommel, 
0 being the centre, and the direction of revolution being indicated by 
the arrow. Any particle P of weight W placed inside the trommel 
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at K will be carijed up with the trommel, until slipping commences 
at a iK)int L ; the pirticle will, however, at first be carried upwards bj 
thi trommel faster than it slips downwards, and will hence continue t( 
rise till it reaches a point if, at ^^ich it just ceases to rise and com 
mences to slide down, which it will continue to, do until it reaches 
a point Nj at which point all its downward motion will have been over 
come by friction against the upward moving surface of the trommel 
and it is again carried upwards. Neglecting the motion that th( 
iwirticle will receive in the direction of the axis of the trommel owin^ 
to the inclination of the trommel surface, the motion of the particle 



Fig. 44. Diagnim of forceft acting on particle inside trommel 


in relation to the transverse section of the trommel will consist of 
oscillations l)etween the points if and N. 

Ijet V be the velocity of the trommel surface in feet per second. 

I^t R be the radius of the trommel in feet 
Let ROM « a, KON^ KOL = 6 , 

Let JP be the position of the particle at any portion of its travel. 

Let jSrOF = <^, and KP^8, 

Let 1 ? be the velocity of the particle at any moment relative to the 
tnmunel surface. 
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Let Ml be the coefficient of static friction, and m of gliding friction. 

Then the weight W of the particle may be resolved into If sin 
acting along the tangent and tending to cause sliding, and If cos^ 
acting along the radius and causing^pressure on the inner surface of 
the trommel. Neglecting centrifugal force, which is a perfectly neg- 
ligible quantity at tlie slow sj)eed with which the trommel rotates, 
the force tending to cause sliding is 

Tf (sin ^ — M cos <^). 


The acceleration of the particle = v 


dv ^ dtJ 


; integrating 


^.2 


C — (jfR (cos (f> + fi sin (f)). 


.( 1 ). 


At the points M and X the particle is at rest in space, and therefore 
= — f , or 

.—--C- ijR (cos a + M sin a) for if. 


and 


|72 


” = C - gR (cos /S + M sin fS) for N, 

yt 


and (/ = gR (cos a + m sin a) + F 

Substituting in (1) 

f2 

2 = gR (cos a + M sin ® ) + \^ “ gR (cos 0 + m sin (j>), 

. F^ 

2^ = cos a + M sin « - (cos ^ + M sin (/>) + . . 


.(2). 


At Ly where sliding just begins, v = 0, and the inclination of the 
trommel surface is evidently tan'^Mo fbis being the point where static 
friction is just overcome. 

Therefore 6 = t?in”‘ Mi • 

Substituting in (2) 

F^ 

0 = cos a + M sin a - (cos ^ 4- m sin B) + , 

F^ 

cos a + M sin a = cos ^ 4- M sin ^ (3). 


In this equation the values of 6, fiy V and R are known, and hence 
it caff be completely solved. It obviously leads to two values of a, the 
higher one of which corresponds to a and the lower to It will be 
noticed tjhat these values are symmetrical to or in other words the 
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particle will rise as far above the angle corresponding to its sliding 
friction as it wifl fall below it. ‘ 

« Taking for example the following mean values: trommel 4 feet 
diameter, making 10 revolution^f per minute, when 
7^ = 2, r=21, 

/i = tan-i 25'^ = 0*46(), / = tair^ 31" = 0*600, 
the values for a and]^ respectively will be about 43° and 7°; in other 
words the particle will oscillate through an arc of 36°, being 13° on 
either side of the angle to the vertical equal to tan“^ fx. 

In practice of course this result will not be exactly obtained, because 
not one, but a number of pieces are introduced simultaneously and the 
trommel is always overcrowded ; it may liowcver be considered safe to 
say the material will never rise above the uj)per limit indicated by the 


of Minerals 



Hg. 45. Cylindrical troinincl. 

above equation, though it will often extend down to, or even past the 
vertical line through the axis of the trommel. 

Trommels are constructed in a number of ways, which differ in 
points of detail, but the essential construction is practically always the 
same, namely a cylindrical or conical screening surface that is caused to 
rotate. The screening surface, consisting of wire gauze or perforated 
sheets, more rarely of bars, is usually kept in its place by straps or bolts, 
and it may be carried by an axial shaft with spider arms, or else supported 
on friction rollers. Tliese details of construction may be illustrated 
by figures of the different types : Fig. 45 is a cylindrical trommel carried 
on an axial shaft, the screening surface being kept in place by strapping 
rings; it is made by the Jelirey Manufacturing Co. The section of 
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such a*tromm©l is shewn in Fig. 46, together with its (ysing and spouts 
il^and By the former delivering the oversize and the latter the 
undersize. Fig. 47 shews a heavy cylindrical trommel, made by the 
Allis-Chalmcrs Co., carried on friction rollers, the screening surface 
being stiffened by longitudinal straps of angle iron. A simple conical 
trommel, carried on a horizontal shaft, made by Messrs Bowes, Scott 




Fig. 46 . Sections of cylindrical trommel. 

and Western, Ltd, is shewn in Fig. 48, a section of a similar trommel 
driven however by gearing instead of belting being shewn in Fig. 49. 
This latter trommel is shewn in the customary sheet iron casing or 
housini;, with spouts ; spout A is connected with the end of the tronunel, 
and delivers the oversize, whilst spout B is connected with the casing, 
and delivers the undersize. The defauls of construction of a large 
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conical trommel .jre shewn in longitudinal and transverse sections in Figs. 
50 and 50*, the form of casing there shewn being the most suitable &r 
fery large trommels. ( Vmical trommels are usually mounted on central 



Fig. 47. rorspectivc view of cylmdrical troiumel carried on rollers. 


shafts; exceptionally they are carried in rings which rest on friction 
rollers. This plan is usually restricted to very light trommels, as in 
Fig. 51, representing a pattern made by the Jelfrey Manufacturing Co. 



Fig. 48. Belt-driven conical trommel 


The screening surface is sometimes all in one piece, more often in 
two, three or four sections. When any portion of the screen is ddiuaged 
the whole section involved has to be removed and replaced; in order to 
avoid the loss thus incurred, and with the further object of substitpi^ 
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the cheaper form of flat screens for the more expenf%*ve curved screen, 
tiommels have been made hexagonal or octagonal in cross-section 



Fig, 49. ( I ear-driven c<mionl troininel 



I 


Fig. 50. Transverse section of largo conical trommel 

tasted of circular ; a neat pattern of a hexagonal prismatic trommel 
is shewn in Fig. 52, which represents a form made by the Jeffrey 
Manufacturing CJo., whilst a similar pyramidal trommel is shewn in 
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Fig. 53. Such pqjygonal screens are not however much-in favour ; in 
the first place, except in case of an accident, it rarely happens that ofife 
portion of the screening surface is destroyed before the whole of it is a 



good deal worn, so that the loss incurred in replacing the entire Ibreen 
is more apparent than real. Moreover the angles of the polygon afford 
lodgement for small stuff, and the larger pieces dropping sha!g>l| across 
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tbe angle are.apt to damage such screens more than does the smootlie 

motion produced by trommels of circular sectioti. 

Trommels may be used either for dry or for wet screening for Ihe 



Fijif. 51. Conical trtnimiol on rolIerH ; jwrsiwctivo. 

latter they are greatly in favour, the material to be screened being run 
in with water in the form of pulp. It is more often employed for the 
finer than for the coarser sizes. 

The screening surface of the larger trommels is generally made of 



Fig. 52. Hexagonal prismatic trommel ; perHjxjctive. 


pun# hed sheets, wire gauze being often used for the finer sizes. Trommels 
for rough screening have been made of round or fiat bars of iron niuniug 
l^QgthW^s and riveted to stout iron rings, but this arrangement is 
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not to be recommended ; flat screens of one or other .of the .types 
already considered are far preferable for all sizes exceeding say 2 incheo. 
Ok the other hantl for fine sizing, and especially for close sizing where 
a large mimber of different sizes afe required, the trommel does excel- 
lent work and is largely used. Sizing by trommel^ is hence a frequent 
preliminary to wet dressing operations, and the size of the apertures in 
successive trommels is regulated by definite arithmetical consiflei’ations 
to Ixj subsequently investigated. For this pur])osc trommels are grouped 
in various ways, the mineral to be sized traversing them all in succes- 
sion ; such a series may consist either of groups of simple trommels, of 
long compound trommels or of concentric complex trommels, the first 
being the most generally satisfactory. Trommels may l)e grouped in 
two ways ; either the first may have the coarsest mesh of screen, when 
the oversize from No. 1 trommel will make the coarsest size, whilst the 



Fig. 5:J. Pyramidal trommel. 


undei’size or all that passes through the screen of No. 1 goes to No. 2, 
the oversize fi*om which makes the second coarsest size, and so on. In 
the other system No. 1 has the finest mesh ; in this case the undersize 
from No. 1 screen is the finest size, the oversize from No. 1 goes to 
No. 2 screen, the undersize from this forming the next finest size, whilst 
the oversize goes to No. 8 and so on. As a general rule the former is 
the better method, as in the latter the fine screens are exposed to 
unnecessary ipjury from the coarse pieces of ore that pass over it ; it is 
only to be recommended when by far the greater quantity of the material 
to be screened is fine enough to pass through the finest scre^ni In 
grouping trommels, the conical shape presents the advantage that it 
admits of great compactness, as the trommels can be placed with wide and 
narrow ends alternately one above the other as indicated in Fig>54. 
Cylindrical trommels are difficult to group one above the other on 
^ akxiaiint of the inclination of their shafts. They are best arr^n|)^ to 
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follow each other horizontally as in Fig. #6, each shagi being driven by 
glaring off its neighbour, or all from one main shaft, which is perhaps the 
better plan; although this arrangement takes up more space than tfie 



Fig. 54. Set of conical trominelH. 


^rmcr it is often a very convenient one, a row of trommels arranged 
thus being placed along the side of a dressing mill. Tliis arrangement 
is e(iually suitable to cylindrical and to conical trommels, and is the one 



Fig. 55. 8et of cylindrical trommek 


genei^ly employed ; a typical example, where gearing is used, is shewn 
in elevation in Fig. 55 and in perspective in Fig. 56. Here the 
material t>roken to | inch passes by the spout A to the first trommel 
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witii I inch mesh^ The overgfce, which is now between and ^ incl' 
mesh is delivered by the spout 2?, the undersize passes to No. 2 trommB 
with i inch mesh ; the oversize of this, between | and i inch, is deliverec 
by the spout 0, and the undersize 'goes to the 3rd trommel with J inSl 
mesh ; the oversize from this, between { and ^ inch, is discharged at D 
and all under J inch at E. A somewhat similar arrangement applied tc 
conical trommels is shewn in plan and elevation in Fig. 57 in whicf 
the lettering corresponds to that in Fig. 55 ; in this case each tromme 
is driven independently by its own pulley from shafting perpendiculai 
to the axes of the trommels ; as a general rule such shafts run paralle 
to the axes. 

Compound trommels consist of practically one long trommel 



Fig. 56. Set of cylindrical trommels. 


successive portions of which are covered with screens of different sizes 
so that the material is sized in passing along. A triple compounc 
trommel making four sizes is shewn in Fig. 68 and another of mud 
heavier make, without central shaft, and carried on friction rollers ii 
Fig. 59. In these trommels the finest screens must necessarily comt 
first or nearest to the end at which the mineral enters, the oversize 
from each mesh passing of course to the next coarser. To ayoid the 
serious wear and tear that may thus be caused to the finer screens, the 
ftrst part of the trommel may be somewhat larger in diameter and maiy 
hh fitted with a coai’se inner screen to keep the rougher material ^oin 
iiyuring the finest screens, the oversize from both inner and outer screens 
Mbe^ng the second part of the trommel. Such a trommel shewn 
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in section in. Fig. 60 ^ where AA la the inner protecting screen ; 
if is used for screening coals in the Ruhr district, and Jias a capacity 



C / ^ J f S Seet 

Fig. 07. vSet of conical troinmck Plan and elevation. 



Fig; 0S. CompoiiQd trommel 

of 40 tons per hour. It will be noticed that the veiy long compound 
tronmiel shewn contiits in reidity of two trommels fdaced end to end, 


> Trmi, N. R I M. R Vti. xxnn, lS7S-7», p 1S8. 






Fig. 60. Compound trommel. Section. 
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but driven at slightly different speeds, so as to kf»ep the peripheral 
’i%locity of both parts equal. Compound trommels are not however 
very satisfiactory when accurate sizing is recjuired, and have iiuldtd 
tlittle except their cheapness to recTnnmend them. 
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Ill complex trommeU the innermost screen is necessarily the coarsest. 
They are compact and convenient in use, tlie great objection to them 
being that when one of the inner screens needs replacing the whole 
apparatus has to be taken to jiieces, A complex cylindrical trommel is 
shewn in Fig. 01, and a double complex conical trommel is shewn in 



Fig. 6‘i. Complex conical trommel 


Fig. 62. Sometimes complex conical trommels are arranged with the 
slopes of the screening surfaces in opposite directions instead of parallel 
A ]ai%e complex cylindrical trommel designed for screening coal by the 
Humboldt Engineering Company is shewn in Fig. 63 ; the spaces between 
eadi pall of screens are furnished with spiral divisions terminating in 
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BO es to dearer the screened mineral, although the axis is hori- 
iKmtal. The innermost screen is prolonged in the form of a sheet ir(fi 
dAim, also famished with a spiral trough, so that only a determinate 



Fig^. (i.’t. Humboldt ('(tniplex trommel. Fernpective, 
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and breakage of the coals, is avoided. The tromi^el shewn has five 
sfii’eens H feet 3. inches long, the diameter of the outside screen being 
10 feet 2 inches, and length over all about 18 feet ; the tromuitel 
•complete weighs about 8 tons and has a capacity of 100 tons of coal 
per hour. « 

A somewhat similar macliine is Schmitt’s^ Spiml Trommel ; this 
consists of a perforated strip of metal wound round in a spiral as shewn 
in Figs. 64 and 64^ The inner portion consists of an ordinary conical 
trommel round which the spiml is arranged ; {wirts of the sjural are 



Fig. Schniitt’ii spiral truiimiel. 'rrausverse section, 

left blank and at these points divisions are put in that separate the 
difierent screens from etich other. The spiral strip thus forms a 
complex cylindrical trommel, owing to the special construction of 
which the coal travels forward although the axis is horizontal All the 
mineitd that passes through the inner conical screen drops into the 
next division of the spiral, in which it is carried round and screened, all 
that, passes through hilling into the second turn of the spiral and so on ; 

» N. E. I Min. Eng., ‘^Schmitt’s SpiraJ Rerolviiig Screen,” bjr I>. P. Moiwm, 
\%il XXVIIL 1878-79, p. 183. 
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the ovemim fron| each division is discharged by a separate spout 
The trommel illustrated is made from a strip 54 feet long by 4 feftt 
Mide, and is itself 4 feet long and about B feet in diameter ; it is driven 
at 10 to 12 revolutions [)er minute and will treat 40 tons of coal per 
hour, the perforations Iwing reHi>ectively ins., Jtin., ^ in,, I in., fjr in. 
in diameter. It is claimed that this trommel is cheaper and more 
compact than the ordinary ty|H‘, strong, easily reimij^ed and economical 
of power l)ecause the load in it is distributed instead of being concen- 
tnited at the lK)ttom. 

Dimensions, ca|wicity and power consumption of trommels vary 
within very broad limits according to the material to be treate<l and its 
fineness. Lengths are usually between .‘i and 12 feet and diameters 
iKitween 2 and B feet ; the driving power may range from ^ to U h.p. 
and the capacity from say 2 tons up to r)<l tons per hour. The rate of 
revolution of a trommel should be such as to give a peripheral velocity 
of 60 to IBO feet i>er minute working dry and about one half as much 
when wwking wet. An ordinary set of 7 trommels about 3 feet in 
diameter and 5 f(;et long would size about 7 tons of average crushed 
material jwr hour, using about 3^ h.p.; it would weigh about 5 ton# 
and cost about £200 to £250. 

In S(!recning the finer sizes care must Ik' taken that the screening 
suiface does not get choked ; to prevent this punched i)latC8 should 
be put on with the smaller diameter of the hole to the inside of the 
trommel as already explained, jmge 15. An arrangement, suggested by 
Krom and sometimes adopted, consists of sliding weights upon two 
opposite si)okcs, such weights being allowed a play of a foot or so, 
between strong collars forged upon the spokes. At each semi- 
revolution Ihe weights will slide downwards and strike sharply against 
the collars, thus jarring the trommel and helping to clear the screens! 
In screening tvet material, wliich is often necessary when the mineral to 
be treated has been crushed wet, the trommel is either allowed to wade 
in water to a depth equal to about J or | of its radius, or else a number 
of jets of water are arranged to spray upon the mineral in the trommel 
This is sometimes done by mounting the trommel upon a hollow 
perforated shaft, through which water is forced. It is however better 
to have a number of jets under considerable pressure playing upon the 
top of the trommel, as this tends to clear the screen better than w hen 
the jets are directed from inside outwards. It cannot b|; too often 
insisted on that, w^ikt dry screening and wet screening are both quite 
JeasiUe, successful screening of fine material that is neither quite dry 



Volumetric SmuQ 

thorougKiy wet, but merely moist, is an impossibility. It is indeed ^ 
(rften necessary to dry finely crushed mineral before attempting to* 
screen it, the only alternative being wet screening in either rumiingl^r 
.standing water. In coarse screenings say over { inch, this precaution is 
no longer so essei^ial, though always advisable when possible. In 
screening soft coals that make much dust, it is sometimes necessary 
to spray water upon them to keep the dust down ; it must not lie 
forgotten that fine coal dust susjxMided in air fonns an explosive 
mixture and that accidents have lieen known to occur in coal dressing 
plants through the ignition of such suspended coal dust. 

It is difficult with trommels to size to less than about inch mesh, 
as the screen is very apt to choke with sizes finer than this. A form of 
screen specially intended for very fine screening has lately lieen brought 
out by Messrs Fraser and Chalmers, Ltd. It is kno>\ii as the Callow 
Screen, and consists of an endless belt of woven wire screening, 2 feet 
wide, travelling over a pair of drums 18 inches in diameter, set at about 
4 feet 6 inches centres, over which the screening belt runs continuously 
at a speed of 2r> feet to 125 feet per minute. The screen works wet, 
«-nd for the finer sizes (below 60 mesh) its action is supplemented by 
a shaking s})ray ; the cajiacity of a duplex machine, consisting of two 
24 inch belts, is given as ranging from 250 tons [)er 24 hours on 20 mesh 
material down to 50 tons per 24 hours on 120 mesh material. The 
apx>liance has been so recently introduced that no definite information 
about its work is available. A similar screen has been devised by 
Mr Stanley of the Nuneaton works. 
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80RTIN(; AND WASHING. 

Principles. When inineral in hroii^ht up from the mine it often 
hai)penH that it \h mixed with a ^reat amount of barren or worthlesH 
material whicli may be removed by Kimple hand-picking, the ap{)earance 
or the “ feel ’* of the mineralrt being the Hole meann employed in Huch 
selection ; HometimcH in the same way minerals may be claHsified into 
seveml different (jualities or kinds. For example, in Cornwall, copper 
ores are picked out from tin ores and set aside for separate treatment ; 
in many lead mining districts pure galena (“ potter ore ”) is ]>ickcd out 
from the lead ores mixed with g*dngue or from mixed lead and zinf 
ores, which have to undergo more elalM)rate processes of dressing ; on 
the Witwatei*srand the gold-befiring banket is picked out from the 
barren (juartzite which is broken down with it ; in most coal mining 
distnets shale is picked out from the good coal ; in the Hamilton 
district, splint coal, house coal and cannel coal are in places got all 
together in one seam and arc subseipiently picked out ; in the 
Cleveland district the worthless “dogger” and shale arc picked out 
froni the ironstone ; at Rio Tinto various grades are made by sorting, 
as quartzose ore, smelting ore, leaching ore, export ore ; at 
Uelllvam, magnetite is sorted into five different gi’ades by the ej^ 
alone, according to the amount of apatite it is seen to contain, this 
sorting being afterwards checked by chemical analysis. 

All the above are typical examples of sorting or picking, some of 
tliein being final inasmuch as the sorted mineral is at once ready for the 
market, whilst others are merely preparatory to further dressing 
processes. 

Some ipinerals are got covered with clay, mud, or dirt, to such an 
extent as to render sorting impossible, or in other cases to decrease 
greatly their market value ; in such cases the covering of dirt has fio be 
wa^ed off eliber as a preliminary to sorting, or else as a pr^aration 
Ibr the inirket. The former treatment is appUed to a large apoabet of 
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complex veiiiBtutt^ such as those carrying copper, Itad, ssinc, etc. ; the 
litter is most largely applied to iron ores, to certain calamines, 
phosphate rocks, etc., the objectionable matter generally consisting of cfiy 
•which is often tough and tenacious. Sorting and washing are at times 
carried on nearly or quite simultaneously on the same appliances, in 
other ca§es special apparatus is used for the one or the other process. 
The operations are,however often so closely connected that they can l)e 
conveniently considered in the same chapter ; those appliances that are 
used for washing only will l)e taken last, those used for sorting or for 
sorting and washing coming first. Sorting is often combined with 
hand-breaking, and can, in most cases, only l)e i>erformcd by the aid 
of a certain amount of breaking ; the subject of hand-breaking will Ikj 
deferred to a subsciiuent chapter, when the hand tools used for 
breaking with the object of sorting will also be considered. 

Sorting is peiformed either upon floors or fixed tables, or ui>on 
movable surfaces ; in the former the workpeople engaged turn over the 
mineral, separate it into the various classes, and make heaps of these, 
Wiich are then wheeled or carried away either into railway waggons for 
shipment, or else to bins, etc., for further treatment. When moving 
appliances are employed the mineral is carried mechanically past the 
sorter, who {)icks out the various kinds. The former method evidently 
needs far more manual work than the latter, but the mineral is also 
likely to be more thoroughly picked, as every lump has to Ik) turned 
over by hand ; its use is therefore indicated in places where the price 
of manual labour is low compared to the wages paid to skilled artisans, 
wher^ stores, lubricants and machinery repaire are relatively expensive, 
and where close sorting is an object of special importance. Sorting is 
p generally not heavy work, so that boys, girls and old men are often 
/employed as sorters, the former classes being especially satisfactory. 
It is usual to arrange matters so that in a big sorting establishment 
the majority of the workers shall be of the above category, whilst there 
are merely one or two more highly paid men, who can break up and 
handle the larger lumps, or do any similar exceptionally heavy work. 

At mines where only a small output has to be dealt with, the 
mineral is sorted on a table usually covered with heavy sheet iron, 
or sometimes a cast iron plate is employed, which may be perforated 
witfi holes i to I inch in diameter. A very usual and satMaetory 
arrangement is for the cars as they come from the mine to be tipped 
upon a«grizzley, the angle of which is so flat that the mineral can just 



':^he Dressing of Minerals 

ttot slide down it ; ^f>on the mineral as it lies on the grizzley a stream of 
water is allowed to play, which washes the fine ore and any dirt throu|^ 
thfc grizzley bars ; the fines are shovelled out from time to time and 
sent to the dressing works. Tlie lump ore is thus effectually washed,* 
and is in good condition for sorting. At the foot of the grizzley, 
the picking table pro[)er is pltieed, usually about 3 feet square, and 
about 2 feet high alK)ve the floor. The sorters rake the ore from the 
grizzley on to the table as re<iuired, sort it, and either pile up the 
various classes in heaps on the fl(K)r behind them or throw them into 
handbarrows, wheell)arrows or small cjirs, ready for removal to their 
destinations. A diagrammatic section of sucli an arrangement is shewn 
in Fig. fl;-) in which A are the grizzley bars, and H the picking table, 
this lieing the usual form in the lead mines in the North of England. 
In Cornwall a very general an*angement consists of a long table about 



Fig. (55, JMagraiM of sorting table. 


3 feet broad and 3 feet high extending along one or both sides of the 
picking shod (in which bucking [see p. 111] is also performed); along 
the back of the table runs a raised plank, on which the lads or girls 
bring in the ore in handbarrows. 

For dealing with larger outputs the picking table is dispensed witl^ 
and sorting is done on the floor itself. The most convenient arrange- 
ment is tliat shewn in diagrammatic section in Fig. (16 and which is 
similar to that in use at Rio Tinto, where 200 to 300 men work on 
a floor some 350 feet in length, sorting 1000 tons ixjr day. The ore 
comes in by mlways on an embankment or trestle gantry, wliich should 
be not less than 15 feet above the level of the sorting floor. The different 
grades are loaded up into other railway waggons, the rails being so 
disposed that the top of the waggon is flush with or just below the 
level of the sorting floor. 

Fig. 67 ' shews a diagrammatic cross-section of the sorting floor at 
1 “Tli© Witwftteraraiid Goldfields,” by S. J. Truscott, p. 415. 
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the Ferreira t[iine, Witwatersrand. The floor propci| is about 11 feet 
wj^e, and 70 feet long ; the ore after passing over a grizzley drops some 
3 feet on to a floor covered with steel plates, where it is washed 
fieans of hose pipes, and the barrel? quartzite is sorted out from the 
clean ore ; the formqr is loaded into trucks and run out to the waste 
dump, the latter is shovelled into a large bin for further treatment. 



Fig. 60. .Sorting for largo outputn. 


Here, as elsewhere, where gold ores are washed, the water used for 
washing is run into settling pits so as to recover the fine auriferous 
material which it necessarily carries in suspension. The labour staff on 
tins floor consists of 11 natives and a white foreman, and some 400 tons 
a day are treated, of which about 36 per cent, is sorted out ; the 



Scale. 1 inch « lo fool. 

Fig. 67. Diagram of sorting floor at the Ferreira Mine. 


cost is about 6(1 {yer ton of crude mineral, of which about 14 per cent is 
for supervision, 82 per cent for native labour, and 4 per cent for stores. 

Attention must be paid to the paving of these sorting floors. For 
minerals of small intrinsic value clay or earth beaten hard may answer, 
but they are better paved with slabs of stone ; when the value of the 
mineral is greater, brick on edge set in mortar or cement may be used, 
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a very hard bun^ brick or slag brick being the best f(ji this purpose. 
Steel or cast iron plates are often used when such minerals as gold#or 
^ver ores have to be sorted ; concrete or cement is rather soft, and is 
apt to get cut up by the wheds of wheelbarrows or by breaking 
minerals on it. , 

When coal is picked on a fixed support, this usually tiikcs the shape 
of the grizzley shewn in Fig. 4, p. 18, sorting l)eing peifonned on the 
lower part of the screening surface, or on the sheet iron apron in which 
it terminates. There are usually 2 to 3 pickers to each screen ; about 
12 tons per hour can be screened and sorted on one of these. 

Moving Appliances used for sorting may be either shaking trays, 
revolving tables or endless belts. All of them def>end upon the general 
principle that the material to be sorted shall be carried in a thin layer 
past the sorters, who have thus an opi)oi*tunity of picking out and 
separating the various classes of mineral from each other. For suc- 
cessful picking it is requisite that tlie speed l)e not too great, say about 
80 feet jjer minute on the average, and the layer of mineral so shallow 
that every piece may l>c seen ; the ([uantity of mineral that can be 
sorted in a given time and with a given number of pickers depei^ls 
entirely upon the proportion of mineral that has to be picked out, and 
the number of classes that have to be made, and must therefore vary 
within very wide limits. Tlie width of the stream of mineral that a 
picker can examine effectively is about 2 feet and should never exceed 
2 feet 0 inches. 

Shaking trayi. These are either like the vibrating screens de- 
scribed on p. 38, or the conveyor screens described on p. 46, except 
that the screening surface is replaced by a sheet of iron. Sorting to 
a small extent is also occasionally, though rarely, performed on ordinary 
vibrating screens. All these vibrating appliances are howevei- unsati^ 
factoiy because the distance travelled is short, the layer of mineral is 
deep, and the jerky to and fro motion is very ill adapted to careful 
picking. Accordingly shaking trays are but little used ; their first cost 
is low and they take up but little room, but their performance is 
decidedly unsatisfactory. 

Swinging (conveyors answer better, but even with these some practice 
is needed, because the to and fro motion makes the pickers dijszy at 
first A Zimmer conveyor in two lengths, the throw of one oftwhicli 
balances that of tlie other, is shewn in Fig. 68 ; coal picking has been 
performed on this conveyor, e.g. at Shipley Collieries, where^40 tons of < 
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coal per hmei^ pass over a conveyor having 
t'^o compartments side by side. Any of the 
conveyor screens descril)ed on page 4B may 
be used for picking piiriK)8es. • 

Revolving tables. Tlie simplest form 
of revolving table is shewn in Fig. 69, this 
being a form manufactured by Messrs Fraser 
and Chalmers, Ltd. The annular table 
covered with perforated iron plates is 
attached by arms to a ceritral vertical shaft 
>\^hich is slowly rotated by means of a worm 
wheel and tangent screw in the dircHJtion 
shewn by the arrow. The mineral is delivered 
on to it by means of a shoot, A, or a shaking 
tray, usually after having been screened ; it 
makes about f of a revolution, during which 
the sorters standing round the table pick off* 
the material to be removed and throw it into 
Wins or trucks standing behind them. Just 
above the surface of the table a vertical 
iron plate is fixed diagonally which forms a 
plough, B, sweeping off all the mineral re- 
maining on the table into a bin or shoot, C, 
The table shewn is perforated so that if the 
mineral lying on it requires washing, the 
water may drain off through the holes; this 
is collected in the light iron funnel shewn 
beneath the table and let! off* by a trough 
iflto settling pits. \Vlien used for minerals 
(such for instance as coal) that do not need 
washing, the surface of the table is covered 
with plain plates and the dinning funnel 
beneath it is omitted. 

Fig. 70 Ms a diagrammatic plan of another 
fonn of table which presents the advantage 
that pickers can stand both inside and out- 
side it, bins (marked W in the plan) being 
disposed both around the circumference 

* ** Tlie Witwatewrand Goldfields, * by 8. J. Truscott, 

n * 



Zimmer picking conveyor. Side and end elevations. 
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ind inaide the anijular table. The table is carried on a dng of wheels 
ipaced 5 feet apart, which run on a circular rail, and is driven by a pini#n 
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gearing in a circular rack bolted to the underside of tie table. It makes 
a%*evolution in about minutes, its peripheral speed being abojjt 
55 feet per minute. The table is 4 feet wide and its top consists of a 
•plate of iron J inch thick, upon ^ich is an upper removable plate 
I inch thick. The* table slopes all round to the outer edge, down 
to a circular launder, which carries the water used in washing the ore 
into settling tanks. This table is in use at the Crown Reef Mines, 
Witwatersrand. Usually there are 8 natives at work on this table, 



Scale, I inch lo feet. 


Fig. 70 . Diagram of picking table at Crown Ileot 

only 4 of whom are however, strictly speaking, engaged in sorting ; from 
650 to 700 tons per day can be sorted on this table, 14 per cent, being 
picked out. The operating costpappears to be about 4c?. per ton 
of crude ore for working expenses and about 3c?. per ton for main- 
tenaifba 

Another form is shewn in Fig.*71, differing from the last in that the 
table travels on rollers which are carried by uprights, so that the rollers 
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do not travel round with the table ; this plan appears to be better than 
t^e last as the rollers are not so likely to be stopped by pieces <!)f 
mineral dropping in front of them. Here also A is the feed shoot, B 
is the plough, and C the delivery shoot for the material remaining oir 
the table. Fig. 72 shews a somewhat similar table, but differing in 



Fig. 71. Picking table. Plan and vertical section. 


some details. Such a table is in use at the Oramlington Colliery, the top 
being made of steel plate | inch thick. It makes a revolution in kbout 
50 secmids, and ? men and boys are employed as pickers, these standing 
rotmd outside of the table only. It takes 3 tubs of coal, say 18 cwt, 
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at a time, thinly spread, from which about 7 per i^iit. of splint and 
3iper cent, of stone are picked out, leaving the remaining 90 per cent, 
on the table to be swept into the shoot C which can be lowered 8r 



raised as required to suit the waggons that are being filled. Its capacity 
is rated 400 tons in 10 hours and it does very satisfactory work. 

The Humboldt Engineering Company makes similar tables carried 
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on ball beanhgs insitead of on rollers, which work very smoothly. These 
are made in three sizes, from 10 feet to 16 feet 6 inches in outsit 
dJkmeter, and 2 feet to 3 feet wide, making a revolution in from 2 to 
4 minutes and requiring from i to 'Li h.p. to drive it. < 

For larger tables this firm uses the pattern shewn in Fig. 73 in which 
the table is suspended by an “ umbrella ” frame from a central vertical 
post so that pickers can stand both inside and outside the table. This 
table is made up to 26 feet 3 inches in external diameter, makes a 
revolution in 4 minutes and takes 2i h.p. to drive it. These tables are 



Fig. 73. Largo picking table. Perspective. 

best set up within a circular wall of brickwork or plank which enclos^S^ 
all the space below the annular table ; against this wall shoots or 
pockets are built into which the waste rock, or other material picked 
off the table, can be thrown. If shoots are used these usually lead into 
one common spout from which the mineral thus collected is run into a 
suitable waggon. Sometimes instead of such shoots a shelf is fixed to 
the circular wall, upon which are placed hand-barrows or boxes to 
receive the products picked out 

Another form of table is used at the Consolidated Main Reef, 
Witwatersrand ; this is shewn in Fig. 74^ It will be seen to be similar 
to the first type, Fig: 69, in that it is supported by a central shaft ; it is 

“tThe Witwa^lewrand Clddflelds,” by S. J. Truscott, p. 421. 
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howevir driven by a circular rack and pinion, Jike the table shewn ii 
Fig. 72, making a revolution in 1^ minutes equal to a periphetfS 
velocity of 50 feet per minute. Its peculiarity consists in the fac 
that the table is stepped, consisting thus of a lower main surface an( 
an upper shelf ; the ore to be picked is delivered by a shaking tra; 
on to the table proper ; the barren rock is picked out and placed oi 
the upper shelf ; the clean ore is first swept off* by one plough, an( 
the barren rock by a second one, each into its proper receptacle. The 
advantage of this double-decked table is that the w^aste material is oper 
to the inspection of the foreman just as much as the cleaned mineral, sc 
that he is able to see that no good ore is thrown on to the waste 
dump. This form of table has been used Mith much advantage foi 
coal, both for picking out stone and for sorting coals of diflPerent kinds : 
it affords probably greater facilities than any other form of picking 
appliance for dealing with “laid out” tubs, that is to say with tub? 
sent up from the pit with an undue proportion of stone and for which 
deductions are made from the miner’s w^ages. Each tub can be readily 
kept separate on the main table, and the stone in it placed on the shelf 
immediately above it. c 

In special cases, three-decked picking tables have been used when 
several grades of minei*al have to be sorted out. For example in 
Scandinavia a table of this kind is used for picking an ore consisting of 
gangue, galena and zinc blende. The broken ore is delivered on to the 
top deck of the table ; the waste rock is picked out and placed on the 
middle deck, and the lump blende is similarly placed on the lowest 
deck, the ore that requires further dressing, which consists of a mixture 
of galena and blende, remaining on the topmost deck. 

The quantity of material that can be dealt with on any of these 
tables varies within very wide limits according to the nature of the woc^ 
to be done and the amount of picking required 

Pickliig belts. These are very extensively used, especially for 
sorting or cleaning coal As compared with circular tables the latter 
are more compact, a 24 foot table being for example equal to a 75 foot 
belt, and going into a much smaller space, where only one is required 
A numl^r of lables side by side would however occupy about as much 
room as an equal number of belts of equivalent length. For moderate 
plants there is much to be said in favour of revolving tables ; direct 
comparisons are (fil&cult to make, but it appears that the tables should 
cost considerably less for maintenance and should also require less 




Fig. 75. Picking belt. Plan, side and end elevations. 
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power, whilst supervision of the pickers is also easier ; 'on the other 
hand the long narrow belt often suits the general arrangement t)f 
colliery heapsteads which are very generally built over part of the 
railway sidings on which the coal drains are made up, so that the greats 
length is not a serious objection. Belts require Jess fall than tables 


fi: 



and in :&ct a long belt may even rise a few feet towards the deliver 
end ^ aa to gain headroom, an advai|l»^J^a by no othe 

sorting appliance. 

Picking belts are made of various materials, the most usual fon 
consisting of iron or steel plates 4 to 5 feet long and ]» foot t 
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1 foot 6 inctes wide, which are attached to two, or at times three, 
eirdless chains, the length of each link of which is just equal to the 
width of the plates. These chains pass round a couple of drums suf- 
%ported on either end of an iron or waoden framework that carries also a 
series of rollers, by qieans of which the belt is supported. Usually these 
drums are hexagonal or octagonal, the width of the face of the polygon 
being equal to that of the plates ; such an arrangement gives ample 
driving power, but some makers prefer a special sproket wheel that 
gears in the links of the driving chain or else special driving teeth 


Fig. 77. Chain for picking belt. 

projecting from the drum are used as in Fig. 70. When a polygonal 
driving drum is used, it should be grooved for the chains to lie in, 
the plates bearing flat against the faces of the drum. Either end of 
the belt may be the driving end, but it is preferable whenever possible, 
more ' particularly in the case of a very long belt, that it should l>e 
(Jriven from the front or delivery end ; this will cause the upper side of 
the belt to be in tension, and thus relieves somewhat the pressure 
that would otherwise come upon the supporting rollers. The following 
drum (i.e. the drum that is not being driven) should be carried upon 
bearings that travel on slides and can be drawn up by means of screws ; 


Fig. 78. Cast steel Jinks for chain of picking belt. ! 

the tension of the belt can thus be properly at^usted, and any wear 
that may occur be taken up. The general arrangement of such a picking 
belt, made by Messrs Cook, Sons and Co. Ltd., is shewn in Fig. 7 5, which 
also shews the framework upon which it is generally supported^ the 
driving drum being shewn on a /arger scale in Fig. 70. 

The chains are of various types ; they occasionally consist of sipgle 
links connected by pins, but more often of double and single links 
alternately (Fig. 77^) ; at times cast steel links, one end of which forms a 
jaw ^ig. 78^), are employed *, the latter are light and neat, but are more 

' Trans. Fed. Inst. Min. Eng., “Im^oved Coal Screening and Cleaning,” by T. B. 
Forster H. Ayton, Vol. i, 1S8S-90, p. 83. 
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apt to break than the former pattern and can scarcely be repaired. 
The plates are generally sheet steel, about | inch thick, and overlap each 
olher about 1 inch at the edges in the manner shewn in Fig. 79, so that 
the surface of the belt shall he le^l ; of course the overlap must be sop 
arranged that each plate covers the one that precedes it in the direction 
of motion, otherwise small pieces of coal would lodge in the space 
fonned when the plates pass over the drum at the delivery end. 


(o T t ^ ^ 5 -#r 


Fig. 79, Hook l)olt8 for pliitcs of picking belt. 

The plates are sometimes riveted or bolted direct to the links ; the 
former plan entails the objection that when a plate has to be replaced, 
cutting the rivets and putting in new ones takes a good deal of time, 
the latter that the heads of the bolts project above the belt. The same 
objection applies to the use of the hook bolts sometin\es employed, see 
Fig. 79 ^ A better plan consists in riveting short lengths of angle iron 
to the plates, and bolting the angle irons to the links as in Fig. H()_\ 
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Fig. 80. Angle iron attaehraent for plates of picking bolt. 

The belts are supported by rollers at intervals of about 3 feet ; those 
carrying the empty return belt may be 5 or 6 feet apart. These rollers 
are of several different types ; they may be arranged to support the 
chains only as in Fig. 81\ or the belt itself directly. 

Sometimes the return half of the belt is not carried on rollers, but the 
edges of the |dates rest simply on lengths of angle iron. In the same 
way the upper surfiwse of the belt is partly supported by an anglairon 

' Tram. Fed. Inti, Min. “ Improved Coal Screening and Cleaning,” by T. B. 
Forster and H. Ayton, Vol. 1 . 1889-90, p, 83. 
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mnning alon^ either side ; it is as well to use rollers in addition for 
thia part of the belt, as the pressure of the loaded belt rubbing with its 
whole weight alon^ the angle iron would cause considerable frictioit! 
Whether the frame, which carries t^e belt, be of wood or iron, it is 
advisable to have on.either side of the belt an iron ledge 3 or 4 inches 
broad, upon which lumps of mineral may be broken with a hammer 
when necessary for better sorting. It is sometimes difficult to ensure 



Fig. 81. Rollers for picking belt. 

that the mineral shall be distributed uniformly over the belt ; this may 
be in great measure effected by means of a rake. One of the best forms 
consists of an iron bar furnished with teeth which is moved backwards 
and forwards across the belt near its top end. Such a rake with a 
to and fro travel of 3 or 4 inches, making 20 to 30 strokes per minute, 
is quite satisfactory ; the system is however inapplicable when very 
largie lumps of mineral have to be carried on the belt. 



Fig. 82. Section of throe-compartment belt. 


Belts are often made with a central partition into which either the 
worthless stone picked out, or one particular class of mineral, when several 
kinds are sorted, may be thrown. It presents the same advantage as 
afforded by the upper shelf in the two-decker tables, namely of allowing 
the foreman in charge to inspect the materials thus picked out, and of 
carrying these away automatically, whereas in the other form they must 
be collected and removed by hand. This arrangement is illustrated by 
the sectiyn, Fig. 82, of such a belt, whilst a complete belt, as made by 




Fig. 83 . Picking-belt with central compartment for stone. ^ Plan, side and end elevations. 
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Messrs Josepk Cook, Sons and Co. Ltd, is shewn m Fig. 83. A belt 
wi|h a central compartment may with advantage be wider than the 
ordinary form ; 5 feet to 6 feet is a usual width, the central compartment 



iwing 1 foot to 1 foot 6 inches widff as a rule. The delivery of mneral 
to the belt must be so arranged that none drops into this middle division ; 
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tltt8 may be done by having two separate shoots, or one/ shoot with s 
^ntral V (apex upwards) to direct the mineral right and left, oi « 
matrihuting roller just below the shoot, the middle portion of whict 
is of larger diameter than the rest' and thus turns tne mineral sidewayS( 
Such a belt 120 feet long, travelling at the rate of, 100 feet per minute 
is used for picking shale out of Cleveland ironstone, and can deal with 
120 tons per hour, 25 per cent, being picked out. 

Belts are sometimes arranged to screen the mineral that they are 
carrying ; this is especially necessary when it has to be broken on the 
belt for the purpose of sorting. One of the best arrangements consists 
of cast steel plates alx)ut f inch thick with oval slots of the required 
width cast in them ; in this form the chains 8upjK)rting the plates may 
be dispensed with, the [dates hooking into each other at the ends, so 
that the plates themselves fonn as it were the links of a chain. Some- 
times a l)elt of wire woven like locket work (sec p. 17) is employed so 
as to screen the mineral ; this arrangement is used to some extent for 
screening coals in the Lancashire coalfield. In Scotland belts made up 
of transverse bars (see Fig. 84) are used in the same way. 

Belts have been made of various other materials, for example 
lengths of flat rope sewn together, the separate ropes being kept in place 
laterally by strips of flat iron to which the various ropes are attached. 
Such ropes may be of hemp, aloes (used in Belgium), or steel wire. As 
% rule they are used at mines where flat ropes are employed for winding ; 
when these ropes are too far worn for use in the shaft they can be 
utilised as picking belts. Except under these conditions, when their 
employment may be economical, the use of such rope belts has little in 
its favour. They are heavy, and wetir out rapidly. 

Canvas belts have been a good deal used of late years for picking 
puri) 08 ea The Robins Conveying Belt Company make a belt ( of 
canvas with a heavy covering of indiarubber, thickest in the middle, bent 
up by special rollers into a trough-like section. Such sorting belts have 
pven quite satisfactory results in pmctice at several mines in Canada 
and America and elsewhere. A view of one of these belts is given in 
Pig. 85. It is usually made 32 inches wide, and will carry 28 to 50 tons 
per hour at speeds of 30 to 60 feet per minute. In a Norwegian mine 
similar belts are used for picking hard pyritic ore, and are found to 
wear well ; such a belt 2 feet wide, 49 feet long, travelling at 49 feet 
per minute, witli 4 to 5 pickers at work, deals with 20 tons of copper ore 
per hour, and is quite satisftwjtory. • 

When belts used for coal picking it is important thgft the coal 



• diall be disch^rgetffrora the belt as smoothly and with as little break* 
age as possible The drum at the discharge end should be kept as 
sm^l as possible with that object, but in the most usual case of steek 
jlate belts, care mC^t also be taken J;hat the plates are not made too < 
narrow and the joints too numerous. With woven rope, canvas or 
indiarubber belts, where the drums may be round, a shoot can be placed 
close up to the drum and the coal allowed to slide quietly down it. 
Telescopic shoots, orshoots liiing by chains and counterpoised, are often 
used ; these can be lowered or raised to suit empty or full waggons and 
the breakage thus diminished. A well-known device for this purpose ia 
the swinging jib end of Messrs Wood and Burnett, made by Messra 
Ooulson and Co., Ijtd., and shewn in Fig. 86. In this arrangement the 
delivery end of the Ixjlt is carried on a hinged jib, suHj)ended by chains 



and counterpoised so as to be easily raised or lowered as required. 
Another method is the swinging tray designed by Mr Chambers ; this 
tmy, Fig. 87, which may also take the form of a perforated plate and 
thus act as a screen at the same time, is moved by an eccentric driven 
off t .ie machinery that drives the belt, so arranged that the upper lip 
of the tray is always kept close up to the edge of the discharging drum 
even though the latter be polygonal. 

A very usual arrangement of a colliery heapstead comprises a 
number of picking belts each fed from a shaking screen, smaller con* 
veyor belts running at right angles to the main belts and carrying off 
the small coal from below the screens, as also the stone and any inferior 
quali^es of coal that may have to be picked out on the belts, and 
discharging each to separate waggons. The dimensions and capabilities 
of picking belts vary greatly, as shewn by the following table, in which 



Notes. Cost of lubricants per arpum for No. 6 belt £2. lOs., for ^o. 6 belt £2. 5s., for 
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4»9 

a mimW of t^ical examples from the Northumberland and Durham 
coal-field are given. The power required to drive an ordinary picking 



belt vari^ with its size from 2i to 6 H.P., and the cost of lubricants is 
nsually between £2 and £3 per annum. The up-keep of a belt is 


7—2 
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practically nil for the first few years, but soon becomes ^n important 
i^-em when plates, links, etc., have to be renewed; it may be roughly 
.averaged at £50 per annum. As will be seen from the table, the 
capacities of the various belts and the quantity tf work performed^ 
by a picker vary within such very wide limits* that it is scarcely 
possible to give any average figures. 
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Fig. 87. Chambers’ swinging tray. Elevation and plan. 


Waflifng appliances. The word washing is here used in its more 
ordinary sense of cleaning or freeing from mud or clay, the Frencf 
word “ d^bburbag^ ” exactly expressing its meaning. It is an opeVatioi 
that is often preliminary to sorting or to other dressing operations, bul 
is scmetiines the only p’ooess that a mineral needs to fit it for the 

•, .V ; 
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market Thi^ is very often the case with calamine and brown haema- 
tic, both of which ores often occur embedded in a tough tenacious clajij 
the presence of which greatly detracts from the commercial value oi 
these ores; once tfiis clay is removed, the ores need no further pre- 
paration. On the other hand many ores, notably galena, zinc blende, 
copper pyrites, gold ores (banket), etc., require washing to free them 
from adherent dust, clay, dirt, or powder smoke, in order to enable 
them to be properly sorted. As has already l:^en seen this washing is 
frequently combined with screening and with sorting, the minerals being 
washed when lying on fixed or moving screens or upon sorting tables, 
and no special appliances being in such cases needed. It must not be 
forgotten that the washwater is apt to carry away much valuable ore in 
the form of fine slime, especially in the case of gold or silver ores ; the 
water must therefore be led to settling pits in which the valuable slimes 
may be deposited and thus recovered. 

Washing machinery as used for ores of the first-named class is 
mostly of one or other of two types; either fixed troughs in which 
the mineral is carried ah)ng by revolving paddles, or revolving drums. 

Trough washers. These are known in America as “ Logwashers,'' 
a convenient term that may well be adopted. In its simplest form this 
machine consists of a wooden trough lined with wrought or cast iron 
plates, set at a slight inclination to the horizontal. A shaft to which 
fiat paddles are attached runs the full length of the trough and revolves 
slowly ; the paddles are set spirally round the shaft and are arranged 
at an angle so as to gradually work the material up the trough. The 
material to be washed is delivered into the trough at its lower end and 
discharged at the upper; in its progress up the trough it meets with 
streams of water, which soften and wash oft’ the clayey matter, which 
l^ecapes at the lower end of the trough in suspension in water. These 
log .wishers are mostly made double, a pair of shafts with paddles 
revolving side by side in one trough. Such a double logwasher, as 
made by the Allentown Foundry Company of Pennsylvania is shewn in 
Fig. 88. 

The troughs may be made of wood, but wear out rapidly ; cast iron 
segments bolted together answer well; cement has also been used 
The capacity of the machine varies widely, as also does the water 
consumption, according fto the character of the material being treated 

A group of four single washers are ^used at Longdale, Virginia^ for 

• * l^ant. Amer. In§t. Min. Eng. Vol xxiv. i8S4, p. M. 



102 The Dressing tof Minerals 

washing brown haematite ores. Details of these are shewn in Figs. 397 , 398, 
“^here the entire plant is described as a whole (p. 501). Tlie troughs' are 
ivooden frames carrying cast iron plates, which fit together to form a semi- 
circular trough 2 feet 6 inches in diameter and about 18 feet long, set at a 
grade of f inch to the foot. Tlie “logs'" consist of hast iron pipes 17 feet 
5| inches long, 1^' inches outside diameter, and | inch thick, to which are 
bolted the flat paddles, 8 inches long and 3^ inches* broad; these are set 
at an angle of 25“ to the axis of the shaft with a 5 foot pitch, there being 




Fig:, 88. Double log wjiHlicr. Flan, side and end elevations. 


8 J’ows spaced equally round the pipe. The rate of revolution is 12 per 
minute; the washed ore leaving the upper end of the trough passes 
through a short conical trommel made of sheet steel with holes inch 
in diameter. Each washer treats about 50 tons of ore per day. 

Similar appliances are in use in various parts of the world ; this type 
of washer is used, e.g., in various parts of Sjmin (where it is usually 
spoken of by its French name of “ Patouillet ”) for washing iron and 
other orps. ' 
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Wajhing drums consist of cylindrical or conical drums made of 
boiler plate, and often of very large dimensions ; as in the corresponding 
cases of trommels ^the first named |ire sometimes set with their axes 
slightly inclined, the latter always with their axes horizontal. This 
inclination of the axis is, however, by no means indispensable in the case 
of washing, drums, in which the material to be washed is always propelled 
up the slope when t^iere is one ; the essential point is that the appliance 



Fig, 89. Dnun wswlier Vertical and tmn«verHe Mcctions. 


should be so armnged as to possess an ample sump of water for soaking 
the ore ; for this purpose the ends are partly closed with iron rings or 
very obtuse cones. The inner surface of the drums is provided with 
ribs, paddles, or teeth set spirally, by means of ^which the ore is carried 
forward and ultimately discharged. 

Fig. 89 shews a washing drum as manufactured by the Humboldt 
Engineering Company. It is supfwrted on friction rollers and caused 
to revolve at a slow speed (8 to 12 revolutions per minute) by means of 
gearing. Both ends are partially closed l)y rings of iron jdate so as to 
maintain a considerable depth of water in the bottom of the drum. 
The ore is delivered into the drum down a shoot and discharged at the 
opposite end. These drums are made up to 7 feet 6 inches in diameter 
and 18 feet in length. Such a drum 10 feet long and 5 feet in diameter 
can wash 17 to 25 tons of ore per hour, making about 7 revolutions, 
and using about 10 cubic feet of washwater per minute. It requires 
4 or 5 H.l». to drive it, one-third of which is absorbed by the machine 
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running empty. Conical drums have a grade varying from 1 inch to 
1 J mch to the foot 

^ A similar washing drum is in use at Barrow^; it is 19 feet long, 

4 feet 6 inches in diameter; to the inside a double spiral made of 

3 inch angle iron lis riveted, the spiral haring a 20 inch pitch. 
Between the spirals there are iron teeth; it is set at a grade of 1 inch 
to the foot, is carried on friction rollers and driven by gearing at 
the i*ate of 9 revolutions per minute. % 

At Santander a cylindrical drum 13 feet long, by 6 feet 6 inches 
in diameter, terminating in a cone 5 feet long tapering to 1 foot 8 inches 
in diameter, and making 15 revolutions in 2 minutes, will wash about 
400 tons of crude ore-clay in a 10 hours day, producing about 30 per 
cent, of washed ore, with a water consumption of nearly 1 ton of water 
per minute. 

The Crickboom trommel, shewn in Fig. 90, is practically a combina- 
tion of washing drum and logwasher, consisting of a cylindrical washing 
dnim similar to those last described, in the axis of which is placed a 
shaft, furnished with arms or knives extending nearly to the walls of the 
cylinder. This inner shaft is rotated at a relatively high rate of speed 
in the opposite direction to the cylinder itself and pugs up the clayey 
matter adhering to the mineral, thus cleaning the latter very thoroughly ; 
the material to be cleaned is advanced by teeth or ribs riveted spirally 
to the inside of the cylinder. These drums are made in various sizes 
ranging fi*om 3 feet 3 inches to 6 feet 0 inches in diameter and from 

5 feet to 10 feet 6 inches in length. The inner shaft is rotated at 15 to 
20 times the speed of the cylinder. The following table shews, according 
to the Humboldt Engineering Company, ^the capacities of the various 
sizes of this machine when working on very clayey ores : 


Drum 

Bevolutions 
per minute 

Revolutions 
of shaft per 
minute 

Horse-power 

required 

Capacity 
tons per hour 

Diam. 

Length 

5' 8" 



2*5 


3' 8" 

12 i 

210—280 

1 

4' 

6' 6" 

10 

18(l--240 

4 

2 

5' 8" 

8' 8"— 10' 6" 

8 

150—200 

7 

4 

& 

8' 8"— 10' 6" 

7*6 

180—170 

10 1 

5 


10' 

7 

110—180 

_a — - 

18 

6 


1 Tram, Imt, Min, Eng. Vol, xvii. 1898, p. 290. 
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The water consumption is usually 10 gallons per minute for each 
Niton of ore washed per hour, but may rise to six times this amount. 
A medium-sized machine about ^4 feet in diameter and 8 feet long* 
weighs about 4^ tons and costs about £160. This drum (as is indeed 
the case with most washing drums) is usually ‘supplemented by an 
ordinary screening trommel into which the material drop.^ from the 
washing drum, and in which mud, sand, and slimes are removed. 



CHAPTER IV. 


COMMINUTION. ‘ 

By commiiuition is meant generally the breaking down of mineral 
to smaller sizes ; the words breaking, crushing, grinding, pulverising, 
etc. are used somewhat indiscriminately ; it would no doubt be l)est to 
restrict the word breaking to coarse breaking, and crushing, etc., to finer 
breaking, but this practice is not at all generally followed. Mineral, as 
it comes from the mine, comes in pieces of all sizes, from lumps of as 
much at times as a couple of cubic feet or even more, down to small chips 
and dust, depending partly upon the nature of the mineral and partly 
upon the methods used for its extraction. It is generally considered best 
to get the mineral in the largest possible lumps, provided that these are 
not too large to be readily handled and transported ; in some cases, 
e.g. steam-coal or iron ore, the value of the lumps may be two or three 
times that of the small stuff' but even when all the mineral has to be 
pulverised, it is considered better to get it out of the mine in fair-sized 
lumps, as these are less liable to loss during transport from the working 
face to the dressing plant ; moreover lump ore can be hand-picked as a 
preliminary to further treatment, whilst fine ore cannot. 

The principles upon which comminution depends are various. A 
piece of mineral may be broken down by: 

' i . Crushing. This implies exposure to a pressure which is greater 
than the resistance to crushing, or ultimate crushing strength, of the 
mineral ; in this case more or less shearing stress is always developed 
together with the true crushing stress. It would seem as though the 
shearing of a body under compressive stress is due to the deformation 
of the mineral before it yields under the stress ; the lower therefore the 
elasticity of the body, and the nearer its elastic limit approacjhes its 
ultimate resistance to crushing, the less is it likely to yield by shearing 
and tlie more by simple crushing. As a general rule bf)th forms of 
yielding are set up concuiTently fn any mass of mineral under com- 
pression. • 
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The maximum pressures which minerals can resist v^ry within yery 
wide limits ; as a rule the most difficult mineral substances to crush are 
the fine-grained comparatively homogeneous basic eruptive rocks. 

The following table shews thJ pressures required to crush certain 
mineral substances ; 


Material 


Ultimate strength in tons pe^ square incli^ 


Bitaminous Coal . . . 

Limestone 

Marble 

Sandstone 

Slate 

Granite, Syenite ... 

Basalt 

Porphyry 

Jasper ; 


1'29 to 7*91 Average of 12 specimens 2*992 

0*72 to 1*65 Average 1*84 

6*20 to 6*83 

0*95 to 4*88 

4*34 to 6*89 

3*59 to 9*29 (Generally over 6 tons) 

7*11 to 10*69 
11*68 
11*62 


2. Shattering. When a piece of mineral is struck sharply, the 
portion struck may be dctaclied by tlie violence of the impact ; whether 
any portion can be thus broken offi depends uj)on that (quality which 
is known as brittleness and also upon the nature of the blow. The 
momentum of the impinging mass plays a great part in determining 
whether or not the mineral struck will be shattered, but the question 
is not wholly one of momentum, because a small mass moving at a high 
velocity is less effective than a heavy mass moving more slowly, even 
though the momentum be the same in both cases. The mechanics of 
this everyday phenomenon are still very imperfectly understood, nor is 
it possible to frame any satisfactory definition of brittleness or to say 
upon what other properties it depends. Like hardness it is connected 
with the force with which the particles of the body cohere, but it isjiot 
altogether dependent upon hardness, some hard bodies being far more 
brittle than softer ones. Amongst mineral substances this may be well 
illustrated by (juartzite and basalt ; examples of these two rocks may be 
selected having very similar textures, when it will be found that the 
quartzite is far the harder of the two, but at the same time the more 
brittle, the magnesian minerals that enter so largely into the composition 
of these basic eruptive rocks being speciahy notable for their toughness. 
In mineral substances this quality is further complicated by their 
cleavage; a highly cleavable mineral will split easily under a blcav that 

i 

’ The above table is compiled from experiments by Mallett, Michelot, and Bach ; 
the experiments on co«d were made by the author. 
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strikes it paraMel to a plane of cleavage. Tlie diamond, the hardesi; wi 
known substances, is easily cleaved by a light blow in the proper direction, 
whilst bort (which is practically diamond less perfectly crystallised) is^ 
fkr less sensitive toipercussion. 

3. Abrasion. A'mineral substance can be easily ground when it is 
either itselS soft, if it is homogeneous in texture, or when the cementing 
material that holds the various particles together has feeble cementing 
power, if it is heterogeneous. In practice abrasion is rarely made use 
of, and only in special cases ; the most convenient substance of which 
the working parts of grinding machinery can be made is either steel or 
chilled cast iron, and lK>th of these have a hardness inferior to that of 
quartz ; as this mineral enters largely into the composition of all mineral 
substances, such grinding surfaces would evidently suffer so greatly that 
grinding down in iron appliances a mineral containing much (quartz is 
almost out of the question. 

Whilst the above are the three principles upon which the comminu- 
tion of mineral substances must depend, it is impossible to base any 
satisfactory classification of the forms of apparatus employed upon their 
respective modes of action. This depends partly upon the fact that 
any one piece of apparatus usually acts in several different ways ; most 
of those that act by crushing have usually more or less percussive effect 
also, and even sometimes act by abrasion to some extent For example, 
edge rollers act more or less in all three ways; there are machines, 
such as the stanq) mill, that depend upon impact pure and simple, but 
on the other hand there are other machines, such as rolls, that in one 
fonn act chiefly by crushing, in another chiefly by percussion, and in 
a third chiefly by abrasion. It seems f^est therefore to abandon any 
attempt at a scientific classification based upon principles, and to retain 
f^e usual practical classification which refers to the objects of commi- 
nu1‘.»n. In this respect we may distinguish : 

A. Coarse breaking — often a preliminary operation. 

B. Medium crushing. 

C. Fine crushing (pulverising). 

Coarse breaking may be further suMivided into hand- and machine- 
breaking ; in groups B and C machinery alone is employed in practice. 

A. OOAKSB BREAKING, 

Cfiarse breaking is employed, either as a preliminary to further 
crushing, with or without sorting or sizing, or it may be the sole 
preparation for the market that is needed. When large quantities, or 
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a particularly resisting mineml have to be treated, *machine~breaking is 
indicated, especially where power is cheap, where skilled labour is not 
abnormally dear compared with unskilled, where materials for renewals, 
lubricants and other stores are not excessively d(^r, and where hand- 
sorting is not needed. Under the opposite conditions hand-breaking 
may be the more advantageous. Hand-breaking is often combined with 



Fig. 91. Breaking hammers. 


sorting ; it may indeed be fairly said that the latter is impossible unless 
combined to a certain extent with the former. 

Hand*bFeaking« For breaking up large rocks a sledge-hammer 
is used ; this usually weighs from 19 to 20 lbs., going at times up to 
30 lbs. An ordinary sledge-hammer with well rounded or egg-ended 
panes may be used ; a more frequent shape is that shewn in JFig. 91 A. 
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IThe operation of briaking with sledge-hammers is known in Cornwall 
as “ragging.” 

For smaller breaking, called “spalling” in Cornwall, lighter hammers 
ay3 used. These are either small double egg-ended hammers weighing 

2 to 4 lbs., attached to a long flexible handle, or else are rather heavier, 

3 to 6 lbs., with a shorter handle and of the shape shewn in Fig. 91 ; 

these are used in one hand, this being known as “ cobbing ” in Corn- 
wall When sorting is a special object one pane of the hammer is often 
chisel-shaped, as in Fig. 91 C. In Cornwall hanVl-crushing used to be 
carried still further, and is still to some small extent, a single flat-paned 
hammer being used known as a “bucking-iron”; such crushing is now 
however mostly performed by machinery. For both cobbing and buck- 
ing the mineral should be laid on a thick iron plate. 

Lumps of coal arc cleaved, in order to separate pieces of different 
qualities, or to remove band or shale, by means of a light single-hand pick, 
about 1 5 inches long (Fig. 91 D\ called a ‘ snap ” in the north of England. 

Ordinary breaking is usually performed on breaking floors, arranged 
exactly like picking floors (see p. 78). They are usually paved with 
strong stones. Cobbing and bucking are generally carried on in special 
sheds, which must be well lit so as to enable the workers to sort the 
minerals properly. When breaking and picking are carried on together, 
a gang of from 10 to 20 workers will be needed to break 100 tons of 
ordinary quartzose ore down to say li inch ring and to sort it ready for 
Ime crushing. In the case of complex ores, where a number of difterent 
classes have to be made, a relatively larger staff will of course be 
required. The cost of breaking by hand and picking may range from 
Ad, to Is. per ton, inclusive of all expenses. When breaking alone has 
to be done with little or no picking, each worker may he reckoned to 
break from 20 to 60 cubic feet of mineral per day, according to its 
character. A good workman can break 1^ cubic yards of hard basaltic 
rock ( : 2 cubic yards of compact limestone to road-metal size (to pass 
through a 2 inch ring) in a day of 8 hours. The wear and tear of the 
breaking hammer amounts to about l^d. per cubic yard of basalt, and 
Id, per cubic yard of limestone. In breaking and sorting hard pyritic 
ore at Rio Tinto, an average day’s work is 4 tons per man. 

Machine-breaking. There are two types of mechanical rock- 
breakejB, the reciprocating and the rotating, the former being repre- 
sented tyiMcally by the Blsdce and th^ latter by the Gates rock-breaker 
(or ore-crusher as it is often called in America). 
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Fig. 92. Blake rock-breaker. Flan and vertical section. 


Reciprocating breakers may be divided into three (passes: 
(a) those in wtich the motion of , the jaw is greatest at the bottom 
(l!») tho|e in which it is greatest at the top, and (c) those in which it if 



uniform all t}ie w^y down» these three classes being represents 
typically by the Blake^ the DSge, and the Forster Eock-breakers 
respectively. 

Class a. Jaiv motion greatest at the bottom, 

Blake rock-breaker. A usual form of this machine is shewn in 
plan and section in Fig. 92, and in perspective in Fig. 93. The machine 
consists of a massive iron frame, in the front part of which is fixed 
a plate of steel or cast iron against which the irfineral is broken, and 
which is usually known as the fixed jaw. The iron frame carries a 
horizontal shaft with driving pulleys and a pair of heavy fly-wheels ; 



Fig. 93. Blake rock-breaker. Perspective view. 


on^this shaft is forged a massive eccentric, running nearly the full 
length of the inside of the frame. This eccentric actuates an eccentric 
plate t^r pitman, which carries bearings into which flt two toggle 
plates. The rear toggle plate rests in a bearing, carried on a folding 
wedge. The front toggle plate bears against the swinging jaw, which 
is a heavy plate of iron hung on a shaft in such a way that it can 
vibrate backwards and forwards. Like the fixed jaw, the swinging 
jaw k provided with a wearing fece of steel or chilled cast iron. The 
swinging jaw is drawn back and held firmly against the toggle plates 
by n^pans of a tension rod bearing against a solid indiarubber block 
that acts as a tpring. Spiral st^l springs are preferred by some 
makers, but are liable to break suddenly in use. The minimum 
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diHtaiice between the bottom ends of the fixed ^nd ^winging jaw« 
^detennines the size to which the finished product is broken. This 
width of ajierture ctiti be adjusted within certain limits by drawing up 
or letting down the folding wed^ by means of tl^e liolts that hold it 
in place. The cji[mcity of tiie machine is controlled by the area of the 
ojMjning lietween the upi)er ends of the jaws, and the capacity of the 
macdiine is in ordinary pi*actice indicated by dimensions of tins opening. 
The sides of this opening are generally protected *l)y a couple of steel 
liner plates or cheek i)ieces, which in some makes also keep the fixed 
jaw in lawition. 

The action of the machine is simple : the wedge-shafied space 
l)etween the fixed and swinging jaws being filled with the material 
to 1)0 broken, when the e(;centric shaft is revolved, the swinging jaw 
is pressed forward by the action of the toggle joint ; it is well known 
that by the construction of this particular foi*m of joint the pressure 
exerted at the end of the fre(‘ toggle is a gradually increasing one, and 
finally lH3comes enormous, although exerted only through a very small 
space. This is precisely the action best calculated to split up the material 
between the jaws, and as the swinging jaw is drawn back, the mater? il 
crushed small enough to |»iss between the lower edges of the jaws 
drof)s out, the remainder of the material settliiig down [a little ; at the 
next forward swing the same crushing action is repeated, and so '.on 
until all the material l)etween the jaws has been crushed and has 
dro])i)ed through. In ])ractice of course the material to be crushed is 
fed in continuously at the upper end, so that crushing and discharge 
of crushed material proceed (rontinuousl) . 

The degree of crushing is governed by the ratio between the width 
of the top and lK)ttom jaw apertures, or for a given length of jaw by 
the angle between the two jaws, which is usually 20" to 25“. The larger 
it is, the greater the crushing efficiency of the machine ; it must not 
however l)e too large, or there is risk of pieces of mineral being 
projected upwai’ds out of the jaws. In Fig. 94 let KL and be the 
fixed and swinging jaws respectively, inclined to each other at an angle 
let (J l)e the centre of a particle of mineral between the jaws 
touching these in the points A and B. The particle is then subject' 
to the forces P the pressure duo to the swinging jaw, R the resistance 
of the fixed jaw, and W its own weight The force P may be resolved 
into the force P cos ^ acting along the line BA and P sin acting 
in the dii^ion 8y at right angles to BAy being the angle betw^eeu 8 
aud Is evidently by construction As P is always very 
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great compared to TF, the magnitude of the force is never in question 
because P sin ^ will always l)e so much greater than W that the lattei 
may be neglected, hence the direction alone of the forces has to be con- 
sidered, and if > tan"* /i, where Is the angle of static friction, it is 
evident that the particle will be forced upwards. Hence wo get for the 
safe construction of the appliance the condition that ^ < 2 tair* /i, this 
being the condition that has to be fulfilled in order to prevent pieces of 
stone from being projected upwards. ^ 

It is evident that, according to the length of the pitman for atiy 
given throw of eccentric, the toggle plates may be in a straight line, 
and theiefore the crushing pressure a maximum, when the eccentric 



Diagram of a*;tion of rock-breaker. Fig. 95. J)iagram of rock-breaker jawH. 

Is it tbe top, or at bottom of its stroke, or at any intermediate position. 
In the two former cases the jaws will only be forced together once 
for each complete revolution of the shaft, in the latter twice, so that 
by this last arrangement, the number of vibrations being twice as 
great, the working capacity of the machine is increased. This is the 
usual arrangement in practice, the only objection to it being that the 
pitman is alternately in compression and in extension at the moment 
that the maximum pressure is being exerted, and that this double 
strain*must be provided for by suitably strengthening the pitman. The 
swinging jaw should be so suspdhded that the centre cf the shaft 
carrying il should lie in the plane of the working &ce, or slightly in 
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front of it, but never behind it Thus in Fig. 95 let MN and KL be 
\i;he working faces of the swinging and the fixed jaws respectively -; if 
the centre of suspension of the swinging jaw is at C, a point lying in the 
prolongation of the line NM^ it is Evident tliat eaclupoint in that line is 
exerting a pressure perpendicular to that of the fece, the direction of 
pressure P at any point such as O being tangential to ^the circle 
described with centre V, of which CO is a radius. If the axis of the 
shaft C' be in front of the line MN it is evident that the line of pressure 
P* is inclined to the face and may be resolved into p' perpendicular 
to it and r' parallel to it, the latter tending to press the point 0 
downwards, and therefore helping the crushing action to some extent. 
If however the axis lie behind the face MN as at C", the pressure 
P' exerted is resolved into p" the pressure at right angles, and r" the 
pressure parallel to the jaw ; the latter portion tending to force the 
point O upwards and therefore out of the machine. To avoid any such 
danger, the centre C is usually kept a little in front of the face MN. 
The greatest amount of wear (;omcs upon the lower edge of the jaws, so 
that after the jaw has been in work for some time the plane of the jaw 
becomes tilted backwards, so to speak, on account of this wear, ahd 
unless the axis of susi)en8ion were kept well in front of the plane when 
uew, it might come to lie behind it when worn. 

Details of construction of a modern pattern are further shewn in 
the sectional perspective view, Fig. 96, which represents a breaker, the 
body of which is made of cast steel, as made by Hadfield’s Steel Foundry 
Co. Ltd. 

Variations in construction are numerous but not very imi)ortant. 
The frame is sometimes built up of steel plates held together by strong 
tie bolts, fV)r the sake of portability; this construction should be 
avoided wherever at all possible. The dead weight of the frame is 
a positive advantage to the machine, tending to ensure smooth working 
and to confine the wear to the jaws. The force that crushes the 
mineral is evidently resisted by stresses tending to burst the end plates 
apart, and these are very severe, and it is difficult to get anything 
except an extremely massive casting to resist them. It is on this 
account that Hadfield and Jack employ cast steel instead of cast iron 
in the machine shewn in Fig. 96, so as better to resist the severe tensional 
strains set up in the frame. 

The removable faces of the jaws are secured in various ways — by 
means of T-headed bolts sliding in slots in the back of the jaws, by 
means of conicaLheaded bolts through the jaws, by runnii^g the jaws 
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with lead or «inc, etc. The first is perhaps the best method ; which- 
ever is adopted, care should be taken that the jaws are firmly and^ 
evenly bedded. 

The jaws are sometimes, but rArely, made of steel plate, which 
is only suitable to the crushing of soft material. 

“ Pin plates,” consisting of plates of ordinary mild steel, drilled with 
a number of holes 1 to 2 inches in diameter, into which plugs made of 
short pieces of round tool steel are forced, have ako been used. 

For breaking the harder minerals cast steel or chilled cast iron 



Fig. 96. Hadfield and Jack’s rock-breaker. Perspective section. 


is preferable ; the latter is often selected when the machine is situated 
within easy access of an iron foundry; otherwise cast steel is perhaps 
the best material, and where the cost of transport is a serious item, 
-chrome steel and, above all, manganese steel may be recommended. 
The faces of the jaws may be either smooth or corrugated ; in the 
latter case the corrugations are V-shaped in cross-section and run 
vertically, as in Fig. 96. The corrugated jaw is best suited to very 
coarse breaking only. • 

The wear of the jaws varies within wide limits ; it may be averaged 
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at about 0*1 Ib. of metal per ton of hard quartzose ore*broken ; it is 
Viften however a good deal less. 

Blake rock-breakers are made of many dilferent sizes. The follow ing 
table shews the approximate sizes and capacities* that are generally 
obtainable, but the X)ractice of different makei*s faries somewdiat : 




Tons of hard 

Weight of 

t 

I.H. 1\ 

Revolutions 

Si /,0 of mouth 

rock broken 

I machine 

needed to 

per 



jier hour 

in tons 

1 

drive 

minute 

10" 

x4" 

2-8 


9 



800 

10" 

x8" 

4- 5 

4 

12 

800 

15" 

x9" 

6-7 

7 

i 16 

! 250—300 

18" 

xlO" 

8—9 

9 

1 20 

[ 250-8(X) 

20" 

X 12" 

9- 12 

11 

25 

250—800 

24" 

X 18" : 

12-16 

! 16 

80 i 

1 200—250 

24" 

X 24" 

18—22 

18 

! 40 

! 200-250 

80" 

X 24" 

16-24 

21 

; 45 

1 

j 200—250 

I 


The above capacities are for breaking to about a 2 incli ring. 



A 15 inch x 9 inch machine costs about £150 and a 30 inch x 24 inch 
machine about £350. 

The Blake-Marsdcn Lever Motion Stone-Breaker is shewn in section 
in 97. It will be seen that this machine, though similar "in general 
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principle, (iifl(Ji*8 in that the lever that actuates the toggle plates is bent 
and is worked from a crank shaft by means of a connecting rod, instead^ 
of being actuated directly by an eccentric. This allows the driving 
shaft and its bearings to be kept further away from the vibrating jaws, 
a position that pre^ients a good many advantages. The machine is 
however a^ little heavier and more expensive than the ordinary form. 
A rather abeiTant type, best considered here, is the Schranz 
Sectorator V’ shewn in Fig. 98. ^ 

In this machine the swinging jaw is curved and is suspended from 
a link in such a way as to have a rolling motion against the fixed jaw. 



Fig. 98. Schraiiz Hcctorator. 


It is stated to break 2j tons per hour, of pieces varying up to 4 inch 
culJe down to nut size with 200 revolutions per minute, and is said to 
consul no more power than an ordinary rock-breaker of equal 
dimensions. Its object is however to break down to about 0*3 inch, 
and hence it might fairly be classed among medium breakers rather 
than coarse breakers. 

Rock-breakers have also been made in which both jaws vibrate, and 
others in which one swinging jaw vibrates between two fixed ones, 
so as to crush during both portions of the revolution of the eccentric 
shaft^and again with two swinging jaws and one fixed one, but none of 
these modifications have found any extended practical acceptance. 

1 B. H, u. Sal. Weg. Vol xxxv. 1887, p. 263, D, R. P. 3(H77. 
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Class b. Jam motion greater at ihe top. 
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principle to th^ last-named. The flywheel shaft carries a strong eccentric 
which actuates the pitman, the lower end of which is connected with the 
longer arm of a massive bell-crank lever \ the shorter arm of this lever 
carries the vibrating jaw. This jaw % therefore pivoted at its lower 
end, so that the width of discharge does not vary throughout the stroke. 
This width js capable of exact adjustment by means of the set screws 
shewn in the front oj* the machine, which move the bearings in which 
the swinging jaw is carried and tightens them fifmly against packing 
plates. This machine gives accordingly a more uniform product than 
the Blake, but its capacity is less. It works well on hard material ; 
owing to the mode of suspension of the jaw, the pressure exerted is 
greater the further the material to be broken descends between the 
jaws, until it is broken small enough to escape. The following table 
shews some of the more usual sizes of this machine: 


! 

! Size of 
! mouth 

L . . 

TonH of hard 

Weight of 

1. n.j*. 

lUivoliitions 

rock broken 

machine in 

needed to 

per 

per liour 

tons 

drive 

minute 

05 

n 

2 

8 

285 

12>8" 

8 

a 

12 

220 

* 16"xl0" 

6 

r> 

! 20 

1 1 

200 


The above cai)acities are for breaking to about “^<‘h ring. The 
cost of a 12 inch x 8 inch machine is about £110. 

The Bartsch rock-breaker, made by the Humlwldt Engineering 
Oo., is practically identical with the Dodge machine. 

X rock-Jbreaker known as the Booth Combination Rock-breaker is 
Uiade oy the Risdoii Iron Works; it consists practically of a Blake 
set above a Dodge breaker, each of these having its own vibrating jaw, 
whilst the vertical fixed jaw is continuous. The wearing faces of the 
jaws consist of alternate flat bars of iron and steel set horizontally. 
The makers state that a machine having a mouth 9 inches x 15 inches 
will break 10 tons per hour to a 1^ inch ring and will ret|uire 8 H.P. 
to drive it ; the machine weighs 4J tons and costs £200. 

Cluss c. Jaw motion the eaum at top cmd bottom. 

The Forater rock-breaker, Figf 100, was at one time largely used, 
but is now eomparatively rarely seen ; it is not unlike the Dodge breaker 
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except that the jaw vibrates alwut a vertical instead of about 
horizontal axis. The makers, Messrs Fraser and Chalmers, Ltd., stat 
that a machine having a mouth 7 inches x \H inches will break 6 tons pf 
hour to about a 2 inch ring, using 5 h.p. and running at 300 revolutions 
j)er minute. The machine weighs nearly 3 tons aftd costs about £150. 

In all reciprocating breakers a lie^vy flywheel is an essential part 
of the machine ; the momentum stored uj) in this during that part of 
the stroke in which no breaking is done is available for overcoming 
the resistance to crushing of the material between the jaws in the other 
|>art of the stroke ; even so, however, the action of the machine and the 
power it al>s<)rl)s are very irregular and variable. 



Fig. 100. Forster riKik -breaker. Seetional elevation. 


Rotating or Gyrating rock-breakers. All of these, which are 
very similar in construction, consist practically of a circular hopper 
in the shape of an inverted very acute-angled truncated cone, which 
is furnished with a conical steel liner which is the equivalent of the 
fixed jaw of the reciprocating rock-breaker ; within this is supportetl 
a steel cone a|)ex upwards, which is supported near its apex, whil^ the 
lower end of its axis is carried round in a small circle by means of 
a crank, this gyrating cone corresponding to the swinging jaw. As the 
cone is carried round, any line on the generatrix will uniformly approach 
and recede from the inner surfoce of the cone within which it gymtes ; 
material di*opped into the outer cone will therefore be crushed between 
the walls of this fixed cone and the inner moving one. The angle of 
the two cones is usually made the same, and should in that case not 
excee<i tan~*/i, wdiere is the coefficient of friction betw'een the 
material to be broken and the steel breaking surface; or in other 
words the angle between the surfaces of the two cones must be less 
than 2 tan""*/* as in the case of the reciprocating breaker.* 
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'A'lic miei jfreaicer. The construction of this is ^hewn in section 
in Fig. 101 and in perspective in Fig. 102. It will he, seen that the fixed 
anrmlar jaw is supported in a massive casting, which is bolted to another 
casting that carries mot only the bofiy of the machine but also the 
bearing for the short horizontal driving shaft and the step for the 
vertical sh^ by which the head is caused to gyrate. The steel shell 
against which the cru^ihing takes place drops into the body and is held 
in place by another casting bolted to the top of the body, which at the 
same time forms a hopper, and which also carries the up]>er bearing 



Fig. 101. Gatos rock-breaker. V'ertical section. 

of the vertical shaft. This bearing is steadied by three, or in the newer 
patterns, by two massive arms which divide the mouth of the machine 
into three (or two) openings, and thus limit the size of the pieces that each 
machine will take. Tlie steel crushing head slips over the vertical 
shaft, the lower end of which is carried round by the eccentric driven by 
the bevel gearing as shewn. Tliis head is not keyed to the shaft, so that 
it do^ not rotate with the latter, but receives a gyratory motion that 
brinp it close to all parts in turn of the conical steel shell, without 
any rubbing or grinding motion being possible of the crushing surfaces 
or of any pieces of mineral lying between them against either surface. 
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Though hardly as well suited as the reciprocating rock-breaker to small 
outputs, this machine is decidedly to be preferred when large quantities 
of material have to be broken ; under these latter conditions it is more 
economical of power and above ftll runs with far Ipss vibration than the 
Former type. A reciprocating crusher necessarily^strains its foundations 



Fig. 102. (rates rock -breaker, rerspcctive view. 

lore than does a rotating one ; the cost of renewals is however rather 
reater with the last-named. 

The following table shews the approximate capacities of tyliese 
[lachiiies, according to the makers : 


Diameter 

Dimensions of 

j Tons of hard 

of 

each ol 

(2) open- 

; rook broken 

hopper 

ings of mouth 

per 21 houra 

87r 

6' 

xl8" 

! 8.} 

89r 

6" 

x21" 

i 5 

44#'' 

7" 

x22" 

! 8 

6r 

8' 

x27" 

1 12 

sr 

10" 

x30" 

1 20 

06" 

, 11' 

x86" 

1 25 

120" 

14" 

x46" 

1 85 . 

182" 

18' 

x68" 

i 86 


Weight of i 

I.H.P 

Revolutions of 

machine | 

needed to 

driving shaft 

in tons i 

drive 

per minute 


10 i 

475 

H 

20 1 

460 

6 

80 

425 


40 

400 

18 

60 

876 

18 ! 

00 

860 

274 

80 

860 i 

40 ! 

100 

860 1 
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The cost of •a 10 inch x 30 inch machine is about £500. 

The Comet rock-breaker made by Messrs Fraser & Chahners, Ltd., 
is very similar, and other machines, like that made by the Union Iron 
Works, ^ffer mainly in that the gyrating shaft is suspended from the 
top bearing instead of Jieing supported by a step at the bottom. 



Fig. 103. Hecla rock-breaker. Perspective section. 


A similar arrangement is adopted for the Hecla breaker made by 
HadfieW^s Steel Foundry Co., Ltd., shewn in Fig. 103 in sectional 
perspective. In this pattern the spindle that carries the gyrating cone 
is hollow ^d is supported on a ball bearing carried on a vertical 
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column inside the spindle ; the whole of the breaker, except the founda- 
tion plates, is made of cast steel, and special attention is paid to the 
lubrication of the rnovinj? parts. The driving pulley is not keyed to 
the counter shaft, but is secured to a strong collar keyed on the shaft, 
by breaking pins, arranged so as to shear in ca^e of any unduly hard 
material finding its way into the breaker. 

In all forms the width of the discharge aperture can fie altered by 
raising or lowering the vertical shaft that carifes the gyrating cone ; 
the amount of adjustment that is thus possible is somewhat limited. 



The action of these machines is smoother and more uniform than that 
of reciprocating breakers, and as the breaking action is cont9mous 
a heavy flywheel is not re<|uired. 


B. Medium Cbushing. 

This tenu may conveniently be applied to breaking performed in 
machines which receive the mineral after it has undergone a first 
breaking, and which deliver it in the form of a coarse powder, the 
upper limit of which may be fixed at particles of about ^ inch in 
diameter ; of course a considerable amount is reduced to fine powder 
at the same operation. These machines work either by impaet or by 
pressure ; they are most typically sepresented by the well-known Comyi 
rolls which act in the main by pressure. 



Vdntnainution 


m 

Hartdeni' |>nlY«friaar, Fig. 104, is somewhat similar to the Sohrane 
Sectorator in mode of action, the swinging jaw also receiving a rubbing 
motion. In order to enable it crush fine enough it is furnished 
■Hlth horizontal ribs or teeth like these of a file; when these teeth 
worn away its efficiency is considerably diminished, but the machines 
do not seem to have come into at all general use, so that it is difficult 
to give any 'data as to the results pi-actically obtained by them. Tlie 
largest size machine mhde has a jaw ajKTture of 20 inches x 3 inches and 
weighs 6 tons ; it is said to be able to crush 21 •cwt. per hour to a 
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Fig. lOo. Sturteviiiit roll-juvv crusher. Vertical section. 


mesh of 30 holes to the linear inch, consuming about 20 H.P., the pulley 
{)eing 300 revolutions per minute. This machine costs £250. 
The makers state that the capacity of the machine varies as follows 
liccording to the degree of fineness of crushing : 


Holes per 

Batio of material j 

linear inch 

crushed 

80 , 

, 100 

20 ; 

110 ; 

16 

120 ' 

10 

• 146 
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The StttiteTant Roll Jaw fine crusher, Fig. lt)5, is, also somewha 
similar in its mode of action. 

A Fine Crusher is also built by the Gates Iron Works, similar i’ 
general construction to their rock-breaker. The concave die is howtve 



Fig. 10(J. Gates fine crusher. Vertical section. 


here replaced by a cylindrical casting as shewn in the section, Fig. 106 
and the conical head is much shorter than in the rock-breaker, and ii 
suspended instead of being carried on a step. This machine is iptendet 
to take rock broken to a 3 inch ;ing and to crush it down to ^ incl 
mesh. Its capacity is stated to be 30 to 40 ewta ner hour anrl th 
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consnmptlon of power equal to about 15 h.p. The driving pulley 
is 24 inches in diameter and makes 600 revolutions per minute. 
The machine weighs 05 cwts. and costs £250. It has not yet come into 
genera] use. 

• 

Rolls. Although these machines, the most generally used of all 
forms of medium crushers, vary considerably in the details of their con- 
struction, the mechanical principles involved are everywhere the same. 
If two metal rolls be made to revolve so that the upjKJr surfaces are 
moving towards each other as indicated in the diagram, Fig. 107, and 
a piece of mineral be placed between these surfaces, the mineral will be 
drawn in between the approaching surfaces by the friction between 



l\ and those surfaces (if the necessary conditions are duly observed) and 
will thus be crushed until the comminuted particles drop through 
between the rolls, which are not supposed to be in actual contact 
It is necessary that the size of the particle to be crushed, and the 
diameter of the rolls, shall bear a definite proportion to each other^ 
the size to which the mineral is to be crushed having also to be taken 
into account 

In Fig. 107 let A and B be the centres of the two rolls, and let C be 
the centre of the piece of mineral to be crushed (supposed spherical),, 
the rolls touching this sphere in tlie points F and G respectively^ 
Considering* the roll A alone, the tangential direction of motion of the 

u 9 
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roll, FH^ at the point F may be resolved in the directions FG^ FK ; 
the component FG of the force applied at the periphery of the roll 
tends to crush the sphere of mineral, the component FK to draw it 
downwards. In order that it shMl be drawn dowpwards it is necessary 
that the limitang value of the angle HFK shaH be tan^V where 
is the coefficient of friction between the surfaces (in pr^ptice /i = 0*3 
and tan“V= 17“ approximately). Americans call the half of the angle 
between the tangents at F and G the “ angle of nip ” ; it is obvious 
that the “ angle of nip ” is equal to the angle HFK. 

Let the radius of the rolls = /?, tlie radius of the sphere to be 
crushed = r, and the distance ED lietween the rolls = 2d. 

Angle DA C = 90° - A CL - 90° — KFA ~ where d ~ tan~y, 

cos 6 - ^ ~ ^ “ 0*96), 

jR + (i = (jft + r) cos 6, 

R{\- cos S~) r cos ~ ; or taking the above value for 6 

R - 25 (r - d) approximately. j 

So that the minimum admissible radius of the roll is hereby de^r- 
mined ; it is best expressed by saying that the diameter of the roll 
should be at least 25 times the difference between the mean radius of 
the pieces to be broken and the mean radius of the particles in the 
crushed product. In this fonnula the weight of the sphere, which is 
relatively quite unimportant, is not taken into account. 

Hittinger gives the fomiula (using the above notation) jR > IB (r — df), 
and thus takes a higher coefficient of friction than is given above. His 
coefficients are ft = 0*35 and ^° = 19°16'. The exact determination of 
these coefficients is a matter of considerable difficulty, but it is best to 
keep on the safe side and to make the rolls sufficiently large. The 
formula indicates that the rolls must be greater, the greater is the 
degree of reduction, and it shews that if a very large amount *of 
reduction were reiiuired at one operation the rolls would have to be 
inconveniently large ; these machines are therefore only used for 
medium crushing, beginning with material that has previously been 
broken in rock-breakers ; when this is not done it is better to perform 
the crushing in two operations, using one pair of rolls for the coarser 
and another for the finer breaking. In order to enable rolls of smaller 
diameter to be used, some device for increasing the friction between the 
rolls and tlie mineral to be crushed is also at times adopted ; this is 
best done by furnishing the rolls with corrugations or teetb^ The first 
set of rolls or “toughing rolls’* are often so treated. 
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The 80 -caUed Comiih rolli present the oldest form of this class of 
machine^ and appear to have been first used in Cornwall about the 
beginning of the 19th century. They are shewn in Figs. 108 to 110^ 
The rolls or rollers themselves consist 8f two cast iron cylinders, J., 
keyed or wedged on tor the shafts, which may be either round or square. 
An outer wearing shell of hard steel or good chilled iron is slipped over 
the roller bodies and secured by means of iron keys or wooden wedges 
as shewn on an enlarged scale in Fig. 110. One of tl\e shafts is positively 
driven (in Cornwall often by means of a water wheel with which it is 
connected by gearing), the other is sometimes driven only by friction, 
but is now usually driven by gearing, a spur wheel being keyed on each 
of the roller shafts, this being the arrangement shewn in the figure. 
These spur wheels must have involute teeth so as to be in gear whatever 
the distance apart of their axes may be ; both the spur wheels and the 
rollers are best made of equal diameter so as to keep the peripheral 
speeds of both rolls etjual, and thus avoid anything of the nature of a 
rubbing or shearing action which would produce much dust instead of 
4he granular product that is aimed at. Sometimes the directly driven 
roll'* is, as shewn in the plan (Fig. 199), mther wider than the other; 
this roll is carried in fixed bearings. The bearings of the other roll 
consist of blocks sliding in guides ; they are pressed inwards by means of 
ibell -crank levers, (7, the longer arms of which are loaded, usually by means 
of a l>ox filled with stones, scrap iron, etc. The longer arm is usually 
about 9 times the length of the shorter one, and the weight may vary 
from I ton to about 2 tons according to the material to be crushed. 
The object of this arrangement is that the rolls may be kept pressed 
towards each other by a uniform pressure, but that if anything too hard 
to crush gets into the rolls, it can force these apart and drop through 
without injuring the machine. The rollers are carried in a substantial 
fri^iuet Above them is suspended a hopper to receive the material 
to be broken, and the crushed mineral drops into an inclined trommel, 
D, which screens out all that is sufficiently fine. The overeize drops 
into a “ raff wheel,” E, a wheel furnished as shewn with internal buckets 
by which the refuse is elevated and returned by the short F to the 
hopper to go through the rolls again. The following table ^ gives 
particulars of the dimensions and other details of a number of 
characteristic Cornish rolls in use in various places about the year 1878 : 
• 

* Pmc. Imt. Meeh. Eng.^ “On the mecl^ical appliances used for dressing Tin 
an(f Copper Ores in Cornwall,” by H. T. Ferguson, 1S73, p. 1 19. 

^ A DetcrijHive Treatm on Mining Maehimry, S. k Andr6, VoL ii. 1878, p. 186. 
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Modem rolls are more strongly built and more compact, and are run 
at considerably higher sfx^eds than the old Cornish rolls. One of the 
chief structural differences consists in replacing the weighted levers bjr 
springs ; these are either alteraafe discs of solid indiarubl)er and sheet 
iron or else strong volute or helical springs wound round an iron spindle, 
the outer end of which is threaded and furnished with a nuj so that the 
springs can be tightened up to any re([uired extent and thus be made 
to exert the necessary jjressure. This is a far neater arrangement than 



Fig. 111. Geared high-8iM3ed nills. Elevation and Pbtn. 


the old weighted levers, but is mechanically inferior ; the weighted 
levers are practically rigid until the pressure lietween the rolls exceeds 
the load on the levers, but when springs are used, these will always 
yield to some extent in proportion to the pressure between the rolls, so 
that the newer method involves greater irregularity in crushing than is 
attained when a heavy weight, hydraulic pressure, or a rigid con- 
struction is employed. ‘ 

All these rolls are intended primarily for medium crushing, that is 
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to saylfor yielding a product only moderately fine, crushing say down 
to about pea size. 

More recently however rolls have been extensively used also for fine 
crushing, down to about 30 mesh ; tJie general design remains about 



Fig, 112. Belt-driveu high-speed rolls. Elevation and Plan. 


the same, so that it is scarcely possible to differentiate these two 
classea As a rule, however, the peripheral speed of the rolls for 
fine crushing is much higher. The difference lies largely in more 
accurate and careful construction and depends to a great extent upon 
the employment of superior material for the roll snr&ces ; it is obvious 
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that in orrier to yield a uniform fine product these latter must be very 
smooth and true. The rolls must be held together very accurately, 
either by means of exceedingly iK)werful springs or else by dispensing 
with springs altogether. Two s^ of rolls as made by Messrs Fraser 
and Chalmers, Ltd., are shewn in Figs. Ill and 11^2 respectively. The 
genera] construction is very similar in both cases, but the^former are 
geared rolls, one of the roll shafts being driven from a pulley shaft by 
means of gearing, whilst the other roller shaft is driven by gearing from 
the first one. In Fig. 112, each roll shaft is driven independently by 



Fig. 11,3. Bolt-ilri von lugh-RiHJcd rolls. Perspective view. 

% 

means of l)elting, usually by one open and one crossed belt off a pair of 
pulleys on the same main shaft. Tlie latter construction is well suited 
to heavy and powerfiil rolla In botli these rolls solid indiarubber 
springs are employed. 

In Fig. 113 is shewn a set of rolls, belt-driven like the last, but 
having tlie sliding bearing pressed towards the fixed bearing by nests of 
powerful spiral springs, drawn up by a long substantial through bolt. 

Krom rolls, manufactured in this country by Messrs Bowes, Scott and 
Western, Ltd, are used for fine crushing exclusively. These rofis are 
shewn in side clevaUon in Fig. 114. ^e rolls are carried on shafts which 
are not geared together, but are drivmi indepeiKlently by belts, one of 
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which is opewaiid the other crossed. This arrangement enables the 
two rolls to be driven at different speeds if desired, and this was the 
original intention. It was found however that when the two rolls are 
run at markedly different speeds, the Action upon the particles of ore is 
no longer a true crushing one, but shearing is super-induced, thus 
producing ^n excessive amount of dust or slimes. It is, on the other 
hand, an advantage to drive the rolls at very slightly different speeds, 
say in the ratio of 100 : 101, the difference not Ji)eing enough to cause 



shearing in the particles of ore, but merely to ensure that corresponding 
portions of the roll surfaces shall not always come together, thus pro- 
ducing a more uniform wear of the crushing surfaces. One of the rolls 
(the right one in] Fig. 114) is carried in fixed bearings, the other being 
supported on swinging arms pivoted on the base plate of the machine, 
and drawn over by means oi batteries of spiral springs which exert 
a powerful pull through the steel coupling bolts. The method of 
securing the forged steel roller shells is ingenious. The body consists 
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of two truncated cones, tapering inwards as shewn in Fig. 115. Une 
of these is forced on to the shaft by hydraulic pressure, and is 
thus fimdy fixed ; the other slides on the shaft, being rotated by % 
feather on the shaft which fits int8 a groove in the jonical boss, the two 
cones being held together by f)owerf*ul bolts. The Inside of the shell is 
turned to fit this double-coned lH)dy. When it is required to renew 
a shell, the bolts are loosened, the sliding half of tjie boss is drawn out, 
the old shell is slipped off and the new one slipped into place, the sliding 

cone is i*ej>laced and the bolts tightened 
up. By drawing up these bolts the 
shell is held in place by friction 
against the boss. A worn out shell 
can thus be reidaccd easily and rapidly, 
but is (|uite firmly held in place when 
the machine is in use. The shells are 
usually 2() inches in diameter by 15 in 
length ; they are run at from HO to 
100 revolutions per minute, and thc^^'^ 
require about 10 to 12 H.P. Such a 

thnnfgh roll. I”*''’ '’'>•>» " ^ tons of 

average ore per hour to about 30 mesh. 
It is said that a pair of shells will crush about 1.5,000 tons of average ore 
before they are worn out. For successful fine crushing it is esj)ecially 
import/ant that the ore to l>e crushetl should be delivered on to the rolls 
as uniformly m possible, and for this pur[K)se an automatic feeder is 
mostly employed. The feeder used with the Krom rolls takes the form 
of a vibrating tray beneath a hopper, into which the ore is charged, 
usually by hand. 

llie Denver Engineering Works Co. make a medium crushing roll in 
which one of the roller shafts is fixed whilst the other is carried 
on a swinging lever, somewhat like the Krom roll, except that the 
springs act in a vertical line. These rolls, shewn in perspective in 
Fig. 116 and in plan and side elevation in Fig 117, are made in three 
standard sizes, namely : 

I I i 

j Width of face Diameter of roll | Bevolutions per minute ; 

inches inches 

12 20 

14 27 . 

Id 86 




100 to 160 
76 to 126 
60 to 75 
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The makers state that according to a series of experiments by 
Mr Philip Argali, there is a definite peripheral speed at which rolls do 



Fig. 116. Medium crushing rolls. Denver Engineering Works. Co, Pergj)ective. 


iheir best work, this speed depending upon the size of the ore to be 
crushed, as shewn in the following table : 


— 


Diameter of pieces 

Peripheral speed 

of ore to be crushed 

of rolls 

inches 

feet per minute 

1-26 

850 to 400 

0-25 

850 to 600 

0'05 

' 700 to 750 

0*035 

1000 


The data are shewn more fully in the graphic diagrams issued by 
them, Figs. 118 and 119. 

Mr Ai^lP has recently designed rolls in which the two bearings of 
the fisse roll are situated at either end of a U-shaped yoke, the pressure 


* Tram. Imt. Min. and Met. Vol x. 1902, p. 234. 
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SaE. OP Ore Cube fed to Rolus- Inchest 
Fig. 118. Diagram of speed of rolls. 

being applied through the medium of springs and tie bolts to the 
central portion of tlie yoke ; by this means he insures that the pressure 
upon l9oth bearings shaU be equal, and at the same time maintains 
the fixed axis and the free axis* always strictly parallel to each 
other. 


HEVOLUTIONS OF ROLL SHELLS PER HiHUTE- 
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A somewhat similar arrangement is adopted by •the Humboldt 
Engineering Works, as shewn in Fig. 120. 



Fig. 119. Diagram of theoretical capacity of rolls. 


The following table shews some of the leading sizes according ^ the 
last-named makers : 


Bolls 

BevOlutions 

per 

minute 

Horse-power 

required 

Crushing 
capacity per 
hour 

Diameter 

Length 

inohee 

inches 



owt. 


101 


180 

8 

26 ! 

m 

10; 


110 

4} 

1 48 ! 

16 

10; 


1 90 


1 66 

2U 

10; 


1 76 


102 

27} 

11 


1 46 

\ m 

I 146 

87} 

12 


46 • 

16 

200 

«_ 
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Tlie above {production is for rolls set inch apart ; the smallest 
will take f inch cubes and the lai^est 2J inch. Tliis firm supplies 
tyre grinders by mean^} of which the surfaces of the tyres can be ground 
and kept true whilst the rolls are ii| operation. It will be noticed 
that the rolls are, asys now often the case, supplied with material by 
means of an automatic shaking feeifer. ^ Another modern set of rolls 
designed bylEdison for fine crushing is shewn in F’ig. 121. 

In some of the fine crushing rolls made by the^Denver Kngineoring 
Works Co. both rolls are carried in fixed bearings ; one of these is 
permanently bolted to the base plate of the machine ; the other slides 
in guides and can l)e fixed by means of lK)lt8 at any desired distance 



Fig. 120, Fine enwhing rolI». Humboldt Engineering WorliR. 


from the first-named so as to crush to any desirecl degree of fineness. 
The arrangement is shewn in plan and elevation in Fig. 122 and in 
perspective in Fig. 12‘i They are made in the same three sisses as the 
rolls with springs. Tlie makers of these rolls hold that springs are 
not rec|uired for fine crushing roUs, because in the first place any 
substance likely to injure the rolls will have been removed in the 
course of the screening which should always follow coarse crushing 
and pia^cede fine crushing, and in the second place should anything 
of the kind get in, no harm will .be done provided every part of 
the machine is of ample strength to resist the maximum strain that 
h. * .10 
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*caii possibly bo put on by the driving belt. Should any substance then 
find its way into the rolls too hard to be crushed by them, the rolls will 
simply be pulled up and the l)elt thrown ofl’. It is claimed, and 


t 



!_ t • * f ntr 

Fig. 122. R 4 )ll 8 with rigid l)earing8. Plan and elevation. 

apparently with truth, that when both rolls are held rigidly the required 
distance apart, a more uniform product is obtained than when this 
distance i^ subject to variation, as it is when springs are employed 

. lO-r-2 





148 The Dreeting of Minerals 

The sheik are attached to these rolls in the same way as is used for 
Krom rolls. 

The principle of having both rolls carried in fixed, but ac^ustable, 
bearings appears to be sound, though provision must be made so that 
no serious damage shall be done should an unduly hard piece, e.g. a 
steel nut, a pick-point, etc., find its way into the rolls. This may be 
eflectively secured by having the driving pulley loose on the shaft, and 
connected to a driving collar keyed to the shaft b^ one or two breaking 



Fig. 12.1 witli Hgi<l bcuriiigs (encloHod). Pei’sjwctive. 


pins, or bolts, as is done in some of the rigid rolls of the Denver 
Engineering Works Co. This device is illustrated in Fig. 124 ; the 
driving pulley there shewn runs loose on the shaft, whilst a collar is 
keyed on, to wliich the pulley is secured by bolts of such strength 
as to shetir l>efore any iiyury is done to the rolls. 

Another method sometimes used is that of having one of the bearings 
movable, and replacing the springs by a breaking piece, usually a 
hollow casting arranged so as to br^k whenever the strain on tlie roUs 

exceeds what may be looked ui>on as the safe limit By this means the 

« 
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rolls are held ngidly at the desired distance apart, whilst the machine 
is yet protected from any injurious strain ; this is probably preferable 
to the use of either springs or weighted levers when a uniformly sized 
product is required. ^ * 

In modern pi*actice it is usual in large plants to arrange sets of 3 to 5 
rolls in series, so as to gradually reduce the mineral to be crushed, all 
the mineral that is sutliciently fine being screened out between each set 
of rolls. Such a system of rolls may either be factually set one aliove 
the other or the rolls may all be on the ground level, the material being 



Fig. 124, Safety driving pulley with Mheari ng boltn. Elevation and nection. 


elevated lietween each pair of rolls. Both modes of construction have 
their advocates. 

A typical plant of this kind at the Mount Morgan Mine consists of 
eight sets of rolls arranged in two series of four each, as follows : 

I. 26 in. diameter, in. face, set | in. apart, running at 112 revH. jK»r min. 


II. 

26 „ 

15 „ 


A- 

III. 

60 „ 

„ 16 „ 

„ 


IV. 

80 „ 

„ 16 ,, 

>* 

in contact. 


The total power consumption (including breakers, eU;.) was 100 H.P., 
and tlfe crushing capacity 125 tons per 24 hours crushed to 20 mesh 
(0*025 inch). The wear on the roll tyres is given as 0*108 lb. of steel and 
the cost of the material for renewals as 10*8d per ton crushed. 
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Mr Argali ' estimates for a plant to crush 200 tons of ordinary ore to 
0*02 inch as follows : 

A 12 inch x 20 inch Blake crusher breaking to 1*7 inch cube. 

I. Itoll 86 in. (liainotcr, 16 in. fjico, Hr) revs. i>cr min*, crunbing to 0'75 inch. 


JI. 

„ 26 „ 


„ 6.7 

„ 0'25 

III. 

26 „ 

1.7 „ 

00 

„ , 0*1085 

JV and V. 

„ 26 „ 

„ 17 M 

„ no 

„ 0*02 


lie consichu’s that this [)lant would re(|uire lOo i.h.p. Tlie average 
wear of the shells of such rolls is given as 0‘22() lb. of steel per ton of 
ore crushed. 

It is fro<|uently desirable that a machine intended for crushing to a 
given size shall make as little fine dust as possible ; the size limit of the 
latter is usuall}' taken as l)etwecn 0*002 and 0*00.8 inch. Rolls are 
jwrticularly satisfactory in this respect, delivering a product that is 
granular ratlu'r than dusty. 

Thus in crushing down to 0*02 inch with rolls the i)roducts should be 
about as follows on average ores : 

Ootvvcou 0'()2 in. and 0*01 in. 1.7 ])or ct;nt. 

Between O'Ol in. and (VOOn in. 20 

Botwoeu ()'005 in. and 0dK)2r) in. .8.7 „ 

Below 0 {X)2.7 in. HO 

It has already lieen pointed out that when an exceptional degree of 
reduction is reipiired with but few passes, rolls provided with corru- 
gations or projections must Ikj employed so as to jwoducc a positive 
grip on the material to be crushed instead of relying on friction alone. 
This is especially the case when preliminary coarse crushing has to he 
perfV)nned, and is more suitable for material that is comparatively easily 
broken. A typical example is shewn in Fig. 123 which represents a pair 
of tandem crushing rolls, the upiHu* fitted with teeth and the lower 
corrugated. These were built by .Messrs Hea<l, Wrightson and Co., Ltd. 
for breaking coal, and will reduce pieces up to 2 feet cube down to 
2 inches cube at the nite of 5B tons per hour. 

These teeth are made of various forms, and are often built up of a 
series of rings like toothed wheels threaded upon the body of the roll. 
Corrugated i^dls are often used in the first crushing of ordinary vein- 
stuff, such rolls being often spoken of as “roughing rolls,” 

Edison has used corrugated rolls for fine crushing, the teeth of Ris rolls 
being saw-shaped in cross-section. Such rolls are shewn in Fig. 121 ; they 


* Tran*, /ntt, Min. MM. Vol. x. 1902, p. 234. 
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have been madfl from 24 inches diameter by 0 indies face up to 36 inches 
diameter by 8 inches fece, and have been run at about 2(«) revolutions 
per minutet The rolls are set so that the points of the corrujpitions arc 
inch to inch apart, but they are fSreed further apart by the stream 
of ore passing bet\?een them. This is the system of fine crushing 



Fig. 1*25, Toothed rolls for breaking coal. 


usually spoken of as choke-feeding, where a body of material is forced 
between the rolls considerably in excess of what they can crush at once 
to the required degree of fineness, that which is sufficiently fine being 
screened out, and the oversize returned to the rolls. 

A set of Edison rolls 32 inch x*8 inch using 32 I.H.P. will reduce 
about 30 tons of cement clinker per hour to a fineness of 87 per cent 
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throuf^h a 200 mesh screen ; while a set 36 inch x t! ihch will reduce 
from fU) t<> KM) toils of iroimtoiie jier hour to .SO mesh fineness. 

The earlier and smaller Edison rolls for fine crushing were drawn 
together by an ingenious multijirt'ing gear of steel Mire ropes ^ actuated 
by a fmeumatic cylinder, but the w'car on the ropei? was too gi*eat, and in 
the larger miMlern rolls this ro[)e system is replaced by powerful springs 
as shewn in Fig. 121. These springs arc so arranged that the rolls may 

set up Ui com|>cnsate for wear on the corrugated plates without the 
spring pressure l>eing disturbed, or the spring pressure may be adjusted 
at will without the set of the rolls being distuiiied. 

In this connection a decidedly alKTrant type of rolls, which work 
on an entirely different principle to ordinary rolls, may l>e considered 
here, this being the Edison Giant Rolls. A set, erected in New 
Jersey, were T) feet in diameter by 5 feet face, studded with projetiing 
teeth 2 inches high and with several rows of “slugger ” knobs 4 inches 
high. The rolls are fa(-ed with chilled cast iron plates, ]>ut on in 
segments and bolK^d to the iron cores with bolts having countersunk 
heads, i’he rolls are set in massive fixed l)carings with centres 7 fi?^t 
2 inches aiwirt, so that the faces of the rolls are M inches apart, leaving 
a clear space of (i inches In'tween the points of the knobs. The rolls 
run at 150 revolutions per minute, the total weight of the moving mass 
l)eing about 75 tons. There are driving pulleys on each of the roll shafts, 
the hitter being 15 indies in diameter, iiiese pulleys are not however 
keyed to the shafts but are held on by means of powerful friction grips 
consisting of band brakes tightened up by strong springs. The rolls are 
driven by an engine of 00 h.p. ; when running emj>ty only about 
50 H.P. is consumed. The rock to be broken is fed in by skiploads of 
6 to 7 tons at a time, some of the pieces weighing up to 5 tons. When 
this load of rock is dropped upon the rolls, the speed of the rolls is 
somewhat checked so that the pulleys sli]) upon the shafts. In doing 
so the vast momentum stored up in the moving masses is utilised and 
under this force the teeth and sluggers impinge upon the rock wBich is 
thus rapidly broken down to about 10 inches cube. As soon as the load 
of rock has passed through, the pulleys grip ujwn the shafts again, the 
rolls are accelenited up to their full speed and are then ready for another 
load. The capacity of these rolls is 300 tons per hour. Tlie cost for 
wear of plates is said to be Oirf. and for other repairs 0*14^/. per ton of 
ore crushed 

' Trims. Inst. Mhu Met.^ “Dry Orusliing of Ores by tho Edison l^ocess,” by 
W, Bimpkiu and J. B. Ballantine, Vol. xiv. 1904, p. 70. 
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It will be seen that the breaking is done wholly by impact, and that 
the momentum stored up in the moving rolls is utilised to obtain the 
necessary power. 

The material broken in these rolls is'further reduced in rolls furnished 
with knobs, followea by others with deep corrugations ; these do not 
differ from .ordinary rolls except in their great size and high speed 
of running. 

Even larger Giant rolls, 7 feet diameter by J feet face, in which 
the weight of the moving masses exceeds 100 tons, as shewn in 
Fig. 126, have been erected at Dunderland to deal with blocks of ore up 
to H tons in weight ; instead of the friction grips above describefl each 



Fig. 12(1. One of a pair of K<]iHon “(liant” rolla, 

roll is worked by an independent engine, which slows up when a large 
piece of rock is being crushed. The points of the knobs in these rolls 
are 8 inches apart; they alworb about 130 h.p. and have in actual 
practice crushed over 250 tons per hour, and could undoubtedly do even 
more. 

The method in which these rolls are arranged and combined with 
others for the successive reduction of such very large blocks, down to 
about } inch cube is illustrated in Fig. 127, which represents a somewhat 
smaller plant used for crushing limestone for the manufacture of cement 
B is the hopper made of heavy castings into which are tipped the 
blocks* of stone, which may be up to 5 tons in weight ; the giant 
rolls O are 5 feet in diameter by 5 feet face, of the above described 
construction^ ; the stone is broken by these rolls to about 8 inches 
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cube, and then ‘drops into the hopper D, from which the feeder E 
delivers it uniformly to 'rolls P, whence it passes in turn to rolls a 
and H ; these three rolls are all similar, 3 feet in diameter by 
3 feet face, with longitudinal grooves of corrugations. The two upper 
rolls run in fixed beaViiigs, each roll shaft being driven by gearing, a 
breaking piege l)eing inserted for safety ; the lowest roll H is furnished 
with springs. All these rolls run at about 130 revolutions per minute. 
The total capacity of tile plant is 250 tons of limestone per hour broken 
down to f inch or rather smaller. ' 

V . Fine ohushing. 

One of the most widely used of fine crushing machines, namely, fine 
crushing rolls, has just been described, because, as already stilted, whilst 
rolls in theii* typical form are used for medium crushing, they can also be 
well adapted for fine crushing, though not so well perhaps for the very 
finest work. In the same way, stamp mills are essentially fine crushing 
mi^chines, but one form is used only for medium crushing; its description 
has, however, been deferred, and will be included under that of stamp 
mills in general. 

Fine crushing is jierformed either by percussion or by attrition; 
pressure plays as a rule a sulK)rdinate i)art, though it no doubt comes 
into action in some grinding machines such as the (Julian mill. In 
some machines percussive aijtion takes place not against a fixed anvil, 
but by the collision of particles of the mineral themselves dashed against 
each other at a high velocity. 

The stamp mill. This machine consists essentially of a mechanic- 
ally worked iiestle, the stamp, which is caused to fall upon and pound 
the mineral placed beneath it. Stamps may l)e divided into two 
classes: Gravitation sbimps in which the stamp proper is lifted by 
mechanical means and allowed to drop under the action of gravity, 
and Power stamps in which the descent of the stamp is due imrtially 
or entirely to some mechanical force applied to it. 

Amongst the cruder forms of stamping machines may l>e named 
several that act upon the principle of the tilt hammer or helve. A very 
primitive machine of this kind, in use among the Chinese, has been 
describisi by the author^. In the Lake Champlain district iron ore 
has been crushed by a battery of ti(^ hammers falling upon an anvil 


* TVam, Amsr. Intt. Min, Eng, Vol xx. 1891, p. 324. 
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coiisiotiug of cast iron plates with J inch perforations. 'The tilt hammer 
type of stamp is now practically obsolete. 

Tile ordinary gravitati(m stamp consists of a vertical stem terminating 
in a heavy head ; the stem is lirfed by suitable machinery (usually by a 
cam), and the entire starnj) is allowed to fall, the^iead crushing the ore 
placed lieneath it. The sirniilc gravitation stamp is a very old machine; 
it seems to have lieen well known in the niinyig districts of central 
(ierraany at the Ixjginning of the sixteenth century and is probably 
much older, lliis same ty|H? of sbimp was introduced into Cornwall 
probably eai’ly in the seventeenth century, and has continued in use in 
both Cermany and Hngland with practically no modification in design, 
although stone and wood were gradually re])laced by iron. Soon after 
1850 the stamp wiis introdm^ed into (Jalifornia, and was there entirely 
remodelled. 1'he Californian stain]), as it is accordingly called, is the 
most modern modification of the stamp mill, but its ])rincij)le is still 
that of the simple mechanically lifted j)estle. 

The Saxon and C.ornish stamj)s are characterised by having stamp 
heads and stamj) stems rectangular in cross-section, the stamp being 
thus unable to rotate, whilst the Californian stain]) is circular in cross- 
section and is capable of rotation about its vertical axis. 

The Comiih stamps, used chiefly for tin and co])])er ores, are 
shewn in front elevation in Fig. 128 and in transverse section in 
P'ig. 128. There are usually four stam])s in one battery box or cofer. 
These consist of wrought iron shanks (or lifters) about 11 to 1 1 feet in 
length and about 2 inches x 5 inches in section. These are cast into 
the rectangular heads, or else keyed in, the former being the more 
usual plan. The heads are made of white or mottled cast iron, usually 
aliout 24 inches in height and from 0 inches to 8 inches x 10 inches 
to 12 inches in ])lan, having thus a crushing face ecpial to fiO — 
100 square inches. To the shank is attached the tappet or tongue, 
which is cajiable of sliding up and down the stem and of being fixed 
by means of a key at any desire^l iwint. The stem passes between 
two pairs of wotideu guides, which are merely rectangular beams con- 
necting the Imttery uprights. The cam barrel which causes the lift of 
the stamjis runs the full length of the entire mill in front of the stamps, 
and is carried in bearings suppoiied by brick piers or wooden frame- 
work. llie barrel used to be made of w'ood, but is now^ generally 
a hollow cylindrical casting into which the cams or wipere are fastened 
by means of keys or wedges ; usually there is one cam shaft to every four 
sets or sixteen heads of stamps. There are usually five or sometimes 
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four cams to each stamp, so that the latter is lifted and dropped five (or 
four) times for each revolution of the cam barrel. The shape of the cam 
is that of an involute of a circle, the tangent to an involute being always 



at right angles to the tangent to its pitch circle. If the pitch vjircle is 
therefore of such a siae that the.vertical tangent to it fells within the 
vertical travel of the tongue, the surface of the involute in.contact with 
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the latter will always be parallel to it and there will be no side thrust 
developed in the stamp, the rotary motion of the cam barrel being thus 
wholly converted into the vertical motion of the stamp. The geometrical 
cbnstruction is shewn in Fig. 130. In this figure, let O be the centre of 
the cam barrel, andio the point of contact between cam and tappet. 
Describe the circle with radius Oo, and set oAT an arc OlO equal in lengtli 
to the desired height of lift of the stamp. Divide this arc into any 


pt -j 



Fig. 130. Development of involute for cam of Oornwh HtampH. 


number of equal parts by the radii Ol, 02, 0.% ... OlO ; at the end of 
each radius draw a tangent equal to the lift of the tappet at that point, 
i.e. equal to the full lift at OlO and diminishing by ecpial amounts until 
. the tatigent at Oo - 0. Join the points thus obtained, and the resulting 
curve is the involute which forms the upper surface of the cam. The 
dotted lines shew the [K)8ition of the cam and tappet at the top of the 
lift. In Coniwall the cam barrel is either driven directly by means of 
a water wheel or else by a steam engine. The speed of rotation is 
slow, usually 10 to 16 revolutions per minute, the height of lift being 
about 10 inches. It is usual to cause the corresponding 8tami)s in 
adjoining batteries to fall in regular succession, the cams being so 
spaced on the barrel as to produce a uniform torque. Thus, if there 
^ are n stamps worked off one cam barrel, and if there are five cams 
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») ’ I 

to each futamp, the angular distance between successive cams must 

, 

be _ 

tm 

The cofer is a wooden box long enough to take the set of four stamps ; 
it has a slot at the back through which the m/neral to be crushed 
is introduced, and a rectangular o[)ening in front in which is fastened 
the “grate” consisting of a couple of sheets of perforated copper; 
usually there are also two similar ojienings, one aft either end, also etich 
provided with a grate. There is an inclined jdane, known as the “ pass,'" 
leading from the hop[)er, or “ half-pass,” to the slot in the back of the 
cofer, upon which the mineral is delivered and down which it slides 
gradually into the sttinifKJr box, aided by a gentle stream of water 
directed ufsai it, and also by the vibration caused by the action of 
the stamps. The mineral is crushed either upon a bed plate of cast 
iron some 3 or 4 inches in thickness, which comi>letely fills the 
bottom of the cofer, or else the stamps are allowed to “beat their 
(twn bod,” that is to say, the mineral first introduced is pounded down 
into the bottom of the mortjir by the action of the 8tam])s until a 
perfectly solid mass of concrete-like stone results, uj>on which (aushing 
then takes placre. The complete weight of each stanif) is usually (i to 
7 cwt., it absorbs about 1 I.H.P. and crushes alxuit lU to ir> cwt. of hard 
stone in 24 hours. At the Jjevant mine the heads are 12 ins. by 7 ins. 
face and 24 ins. high, weighing 4 cwt. The cam barrel makes 12 revolu- 
tions and the stamps 00 drops ]>er minute. A battery of 40 heads 
crushes 1200 tons of hard tin cajjcls in 4 weeks of 0 days each, e(|ual 
to a little more than 1 ton per head per 24 hours. ( )ne head crushes 
125 tons of cajKjls in 5 months, at the end of which time it is worn out 
and returned to the foundry, the average amount of iron worn oft* being 

cwt, costing j)er cwt The wear |)er ton of stuft* stamped is thus 
equal to 2*24 ll)s, of cast iron and the cost to 1 ‘44^/. 

Cornish stam[)s have a low efficiency and rcipiire a good deal of 
attendance; they are, however, relatively cheap to erect, and need 
but few repairs. 

An iron-framed stamp mill of modem German tyi)e^ at the Diepen- 
linchen mines near Stolberg is shewn in vertical section and plan in 
Figs. 131 and 132. The foundation is of masonry carrying a cast iron 
plate upon which the wooden mortar-box is built up; the stamp stems 
are of wood and the shoes of hard cast iron, their total weighjt being 

^ Ann. dm Mine»^ ^ Snr la preparation mecaiiique dos mineniis de ploiiib, etc.” by 
A. Henry, Berietfi vi. Voli xix. p. 294, Paris, 1871. 
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any desired point. The stamps are lifted by four-armed cast iron cams, 
the upfMjr wearing faces of which consist of renewable castings made of 
white iron. 

In (iermany the simple screen or grate discharge is sometimes 
replaced by certain other forms. In the so-c611ed “stay-discharge,” 
there is a box outside the grates or screens, from the boftom of which 
the pulp escaj)eH through !)ozzles or holes of a size that can be varied 
as desired, as shewii in Fig. This arrangeiAent has the advantage 
of delivering a thicker pulp and thus of decreasing the consumption of 



Fig. 134. “ Flush ” discharge of 
stamp mill cofer. Vortical section. 



Fig. 135. Improved 
“Flush” discharge. 
Vertical section. 


water ; it is said that only half as much water is recjuired per ton of ore 
as when the simple grates are used, for the same degree of comminution. 

Another system, the “ flush-discharge,” does away with screens alto- 
gether, the fineness of crushing being regulated by the height to which 
the pulverised mineral has to be lifted before it can escape, and the rate 
at which water is allowed to flow through the battery box. An old form 
is shewn in Fig. 134, which shews an old German battery box with open- 
topi)ed cofer ove^ the edge of which the discharge takes place. With 
A flow of water of between 0*4 and 0*8 cubic foot of water ner minute. 




Fig, 13(5. (’aliforniaii atump mill. Vertical section. 

• 

is represented in Fig. 135, in which the discharge takes place through 
a channel alxjut ^ incli to J inch wi(fe, running the full length of the 
cofer ; the owning of channel is about 4 inches above the bottom 

11—2 
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of the box, and its depth varies from 9 inches to 15 incfies. The fineness 
of the material (lischarged deiMJiids both on the depth of the channel 
and u[>on the flow of water, the latter averaging 0*25 cubic foot per 
minute in ordinary caHea ^ 

The Californian itamp diftern from the Oornisli stamp mainly in that 


I — K 



Fig. 137. (Californian Htainji mill Peraiwctive. 


the head, stem and tappet are circular, and are lifted by cams which are 
set on one side of the axis, thus causing the entire stamp to rotate 
slowly about that axis so as to render the wear of the stanvp more 
uniform; the surface upon which crushing takes place no longer con- 
sists of one single die, but there is* a separate die under each stamp ; the 
mortar box is a massive iron casting, and tliere are usuall^^ five stamps 
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to each mortart Californian stamp mills are chiefly used for the 
crushing — and generally the simultaneous amalgamation — of gold ores, 
and the entire opemtion thus becomes practically a metallurgical pro- 
cess, the consideration of which would be out of place here*, lliis 
stamp will be treated here simply as an appliance for fine crushing. 
A general section of such a mill is shewn in Fig. i;i(>, and a 



Fig. I.'IS. (klifoniiuii Htanij) mill. I'erH}>ectivo. 


pers[)ective view of the same in Fig. 137, this lieing one designed 
by the author for use in South Africa. A ten stamp battery, 
differing from the last only in some minor details, but shewing the ore 
hoppers behind it, built by Messrs Edward Chester and Co., Ltd., is 

shewn in Fig. 138. In this latter each head of 5 8tami)s is driven 

• 

* For arj exluiustive dcMcription of the Californian Mtainp mill, as applied to the 
treatment of gold quartz, the reader should^coneult the author’s HandhcHtk qf Gold 
Milling (Macnalhui k Co.). 
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independently, whilst in Fig. 137 each ten heads is^'so driven. The 
mortar is supported upon a mortar block, which is mostly formed 
of massive wooden kiulks set on end and firmly bolted together; the 
more modern type of block, built of good bricks laid in cement or 
moulded in concrete, with al)out 0 inches of wood on top, or sometimes 
with only a sheet of indiarublK3r on the concrete, is, however, far pre- 
ferable. An iron-framed mill with such concrete mortar blocks is shewn 



Inm-framed Culifoniiaii Htiiiiip mill. Porapective. 

ill Fig. i:i9, which represents a 40 stamp mill lieing erected at the Pole 
Star Mine, (irass Valley, Nevada t^o., California. In any case the mortar 
block must rest upon a thoroughly sound foundation. The mortar 
consists of a single casting having an opening in front into wliich fits 
a screen frame carrying the screen, which latter is mostly now-a-days 
made of woven steel wire; slotted or more rarely punched steel plates 
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are also used the back of the mortar is a feed shoot, through which 
the ore to be crushed is delivered upon the dies. To the front of the 
mortar a renewable shoot or apron is bolted, which receives the pulp as 
it passes through the screens. The mdfet important dimensions of the 
mortar box are its width ‘at the level of the lower edge of the si'i eens. 
and the deptfi of the top of the dies below this same level, this depth 
being usually spoken of as the “depth of discharge,"' Ihis necessarily 
increases as the dies a*re worn down, and various ^devices are used to 
keep it approximately constant: this may be done by raising the dies 



by the insertion of a false bottom. Another method consists in intro- 
ducing a so-called “chuck block ” l)elow the screen frame, which can bo 
removed and a thinner block substituted as the dies wear down. A mortar 
with such a chuck block, that is very much used in the United States of 
America and in the IVansvaal is shewn in section in Fig. 1 40, whilst Fig. 141 
represents another modem form by Messrs Bowes, Scott and Western, 
Ltd., in which the constructional details are shewn. The lower the 
depth df discharge and the narrower the mortar, the greater will be 
the crushing capacity of the stamp mill, other things being e(]uaL Wlien 
a stamp mill is used for amalgamating as well as for crushing, neither 
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width nor depth of discharge may be allowed to MI below certain 
dimensions, dej>endent upon the character of the ore treated and the 
system of amalgamation adopted. When the mill is used for crushing 
alone, lK)th of these dimensionli should be kept as low as possible, the 
chief point to Ikj lK)rne in mind l>eing that when they are too small, the 
screens are rapidly destroyed. Provision must be made ^or a suitable 
water supply to the interior of the mortar, the supply to be capable of 
very exact regulation. Roughly sj)eaking an Ordinary stamp battery 
requires al>out 100 cubic feet of water per hour for each mortar, but 
this figure is liable to great variation according to the rate of crushing 



Fig. 141. Mortar. Vortical Hoction, elevation and plan. 


and the nature of the material crushed. The mortar is generally 
fitted with a light cover through which the stamp stems pass. 

The dies (Fig. 1 42) are generally cylindrical with a square or octagonal 
base, the cylindrical portion being txiual to the diameter of the stamp 
shoe tliat falls upon it, and 5 to 7 inches in depth. They are now mostly 
made of fi>rged or cast steel. 

The stamp proper consists of four separate parta namely, the head 
or boss (Fig. 143). the stem (Fig. 144), the shoe (Fig. 145), and tiifi tappet 
(Fig. 146), these b«dng put togethv as shewn in Fig. 136. The crushing 
power of a stamp mill is determined mainly by the weight qf the stamp 
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hence mills areWially designated by this figure; the weiglit may range 
from 400 to 1500 lbs., but in modern stamp mills the weight of the 
stamp is usually between 900 and 1200 lbs. The stamp stem consists 
of a bar of mild steel or best wrough# iron, cold rolled or turned and 





Fig. 142. 

Die. Finn and elevation. 


Fig. I4.S, 

Head or Hohh. \'erticiil section. 


Fig. 144. Stamp-stem. Elevation. 

with both ends slightly tapered; its length varies from 10 to 10 feet and 
its diameter from 2^ to 4 inches; its weight is generally between dO and 
4^» j)er cent, of the total weight of the stamp. The head or boss is a 



A 

Fig. I4r). 

Shoe. Plan and elevation. 



Fig. 14H. 

Tapiwt. Elevation and Kcctional plan. 


cylinder of cast iron or in the l)e8t modern mills of cast steel, 16 to 
20 inches high, and 8 to 10 inches in diameter, 9 inches l)eing a usual 
figure for stamps weighing about l(KM) lbs. ; its weight is usually l)etween 
25 and 30 per cent, of the total falling weight. At the upper end it is 
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bored out accurately to receive tlie tajKjred end of the fctem, the lower 
end l)eing Himilarly cored out (not bored as a rule) to receive the conical 
shank of the shoe ; drift- ways are provided by means of which either the 
stem or the shoe may be driven^out of the head when required. The 
shoe consists of a cylindrical butt, and of a conical shank by means of 
which it is attached to the head. Tlie butt is of the same diameter as 
the head and between 5 and 7 inches deep ; this the true wearing face 
of the entire stanq), and the deeper it is, the less often will the shoe have 
to be renewed, but on the other hand the greater will be the difference 
between the weights of a new and a worn-out shoe. The shoe weighs 
Iwjtween 15 and 20 per cent, of the totfil hilling weight, the butt weigh- 
ing alxnit and the shank ^ of this amount. The sliank is secured 
in the head by means of wedges made of dry, soft wood. The material 
of the shoes is now usually cast or forged steel, special steels like 
chrome steel or manganese steel being much used. It is found in 
practice that a spe(!ial cast steel shoe working upon a forged steel 
die gives very satisfactory results. Chilled cast iron, at one time very 
largely employed, is now going out of use to a gi’eat extent. The wear 
of steel shoes and dies may be taken as about O’o to (>7 lb. of metal per 
ton of hard (piartz crushed, whilst good chilled cast iron will wear about 
twice as fast. The wear of the shoe is to that of the die in proportions 
varying from : 2 to 2 : 1. 

The tai)pet now very generally used consists, as shewn in Fig. 14(), 
of a cylinder of cast iron or cast steel, bored out to fit the stem accu- 
rately. Within the cylinder is a recess in which is placed a steel gib 
which can be wedged tightly against the stem by diiving up two, or 
often three, tapered keys; the pressure thus produced is sufficient to 
hold the tappet firmly in place upon the stem without slipping. Tlie 
lower face of the tappet forms a circadar collar, about 'A inches broad, 
against which the aim works, thus lifting the Uip[)et and with it the 
stamp. At the same time the circular form of the tappet-face allows 
the entire stamp to revolve on its axis. The tapjxjt usually makes up 
between 12 and 15 [ler cent, of the entire falling weight of the stamp. 
In an older form a screw thread was cut on the stem and the tappet 
formed pmctically a large nut, held in place by a lock nut above it ; 
this so-called screw tappet is still found in Australia, as in Fig. 150, 
but has been 8upei*seded by the gib tappet everywhere else. 

The lifting mechanism consists of a cam shaft, 5 to 7 inches in 
diameter, upon which are threaded ithe requisite number of cams. The 
latter are usually two-armed, as shewn in Fig. 147, the ann8,,accurately 
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shaped, springing from a boss through which the cam shaft passes, and 
may be either right- or left-handed, as shewn, to suit the construction of 
the battery. The correct shape of the cam arms is a matter of con- 
siderable importance ; as in the Corilish stamps their surface should 
form the normal involute of a circle, the radius of which is equal to the 
distance beia^een the axes of the cam shaft and the stamp stem, whilst 
its centre coincides with that of the former. So nuicli of this involute 
is taken as will give th*e desired lift, the point of ^he cam being merely 
somewhat flattened. It is a i)roperty of this involute that the lengths 
of the arc of the pitch circle traversed in a given time will be efjual to 
the height of lift. Hence if the height of lift be h inches and the radius 


JiCft lunid. 


iiig’lit liaixi. 


Pig. 1 47. Csinm, left- and riglit-haiided. KIcvatioii. 




of the pitch circle r inches, the aim of the cam will move through an 
angle during the time of the lift such that 

«“= 100 °, 

Trr 


whence 




and /* = 


m)h 


180 ira 

From these equations the involute required to lift the stamp through 
a given height for a given angular motion can be set out for any required 
stamp mill. Moreover, as already stated, it is a property of this involute 
that the portion of the surface in contact with the tapjiet will always 
be horizontal, so that the lift takes place in a truly vertical line^ 

The*cam is secured to the cam shaft by means of one, or, more often. 


^ For a full discussion of the geometrical ftinstructioii and projMjrtios this curve, 
see the Appendix to' the Author’s Handbook of Gold-Milling. 
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two large keys, the keyways running the full length of the shaft This 
arrangement however inakcH the replacement of a broken cam a matter 
of coiiHidemble difficnlty, and in moHt modern mills the arrangement 
known as the Hlanton cam, Fig#14h, introduced by Messrs Fraser and 
Chalmers, Ltd., is employed. In this a curved •wedge. A, Fig. 148, 
gripping tightly in a recess cut out of the boss of the cam ig^substituted 
for the keyway, a very powerful friction grip being thus produced, the 
curved wedge being held in j>lace merely by a sinftll set-screw. 



Tlie order in which the stamps fall is not a matter of indifl’crence ; 
most makers of stamp mills observe the rule that neighbouring stamps 
shall never Ik‘ allowed to fall in succession, whilst any order that tends 
to accumulate the ore t(* be crushed at one or other end of the mortar 
is most objectionable. In order to distribute the stiain on the cam 
shaft (Hjiially it is important that the cams be uniformly distributed 
round the cam shaft, st) that if .s be the number of sbimps lifted 
by one shaft, the angle between the amis lifting successive stamps 

must lie , 
s 

As the cam is two-armed, it is evident that each stamp makes two 
drops for each complete revolution of the cam shaft ; the usual speed of 
motleni stamp mills is between 85 and lin drops per minute, the sjjeed 
being within certain limits dependent on the length of drop, so that the 
fonner can only l)o iucretised by diminishing the latter. The length of 
drop ranges from 4 to 16 inches, but is usually under 8 inches. ‘A very 
usual rate of workiiig in modern inills is to run at 98 to 95 six-inch 
drops per minute. If the mineral be broken, as it sliould be, jto less than 
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2 inch cubes before it is fed into the stamp mill, a 6 inch blow is ample 
to crush the hardest ore with stamps of 900 lbs. or more in weight. 

• The power Required to drive a stamp mill is consumed wholly in 
lifting the stamp and is therefore the same whatever the crushing 
capacity of the mill may be, or whether the mill be crushing ore or not, 
as long as the conditions of driving remain unaltered If u Ix) the 
number of drops per^ minute, h the length of drop in inches, a the 
number of stamps, and w the weight of a stamp, the theoretical power 
required to drive the mill would be 

uhnw 

H.P. 

:^30oo X 12 

If 25 to 30 per cent, be added to the figure so obtained, the result 



Fig. 149. Htainp guidon. 


will be approximately correct ; an exact formula will be found in the 
writer’s Handbook of Gold-millimf, already referred to. 

The cam shaft is supported in l)earing8 carried by the battery 
frame ; this frame also carries the upiier and lower sets of guides which 
keep the stamp stems truly vertical when working. Guides of many 
different forms are used ; a good useful type, generally used in 
California, is shewn in Fig. 149; in this the guides proper are of 
wood, held in a cast-iron frame by means of wedges. The frames are 
of different designs according to circumstances ; they must however 
always be very massive and substantially constructed as they are 
exposed to very heavy strains; they are generally made of wood, as 
shewn in Figs. 136—138, especially in America and also in South 
, Africa, but steel, as in Fig. 139, wrought iron, and cast iron are also used. 
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The latter is a very satisfactory material, and is much used in Australia. 
The Australian design differs in many respects from the regular Cali- 
fornian type, and the details of a stamp battery, built by Messrs Thompson 
and Company, of Castlernaine, Victoria, are shewn in Fig. 150. It will be 
seen that the battery box is kept narrower, and that the screen in the 
front is vertical instead of inclining outwards at about 10°, as in the 
American pattern. 'Plic cam shaft in the Aust^-alian mills is usually 



llendN chiillonge feeder. Perspective. 


driven by gearing off a main lay shaft, a clutch lieing used to throw 
out of or into action any battery as may be required, whilst in America 
belting is usually employed, heavy pulleys being keyed on to the cam 
shafts. A belt-tightener is often used, as in Fig. l.'iH, for stopping or 
running any desired liattery. In America the gib tappet, ^already 
described, is universal ; in Austmlia, the screw tappet, shewn in Fig. 150, 
though inferior to the fonner ii/several resiiects, is, as before stated, 
still largely Used. •* 
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As it is a matter of great importance that tlie stamp mill should l)e 
regularly and uniformly supplied with the mineral to l)e crushed, because 
the consumption of power is the same whether it is crushing mineml or 
not, automatic ore-feeders of various kinds are very generally employed. 
These are usually wotked by a tappet attached to the middle stamp, so 



Fig. 152. Sn8r>eiuled Hcndy challenge feeder. Perapective. 


that whenever the latter is on the jKiint of touching the bare die, a 
fresh supply of ore is caused to drop into the mortar. ^Flie most successfiil 
is Hendy^s Challenge feeder, shewn in Fig. 151, in which the blow of 
the tappet is communicated to the bar projecting in front, which carries 
a friction ratchet, which latter in turn causes an obliquely set plate, 
upon which the ore rests, to revolve through a small arc in such a 
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way as to sweep a certain amount of the ore it supports into the 
mortar, the amount so dropped in being proportional to the angular 
motion of the plate. Many other devices, more or less similar in design, 
are also employed, some of which are described in Chapter xi. 

Fig. 152 shews a more convenient arrangement of the Challenge ore- 
feeder, known as the suspended Challenge ore-feeder, ip which the 
appliance is su8i;>ended to a couple of light beams or girders beneath 
the shoot leading from the ore-bin. • 

Tlie crushing capacity of a Californian stamp mill varies from 2 to 
6 tons per head per 24 hours, 5 tons being a usual amount for a 1000 lb. 

stamp working on fairly hard rock. 
The cost of a Californian stamp mill 
varies between £50 and £100 per 
head according to its size and to 
what may be included in the s[>ecifi- 
cation. 

The Californian stamp mill is 
occasionally used foi* dry crushing, 
for which it is however very poorly 
adapted. Much difficulty is ex- 
j>erienced in getting the crushed 
material out of the mortar, whilst 
the shoes are apt to give trouble by 
working loose in the heads. When 
used for dry crushing, the cover of 
the mortar is made to fit as tight 
as possible, the mortar is generally 
supplied with a screen at the Imck as 
well as one along the front, as sh^wn 
in Fig. 153, and these screens are usually enclosed in a sheet iron 
casing in which runs a screw conveyor, or else which communicates 
with an exhaust fan by means of which the crushed ore is drawn 
out of the mortar box ; the air current is made to traverse a series 
of settling chambers in which the crushed ore is deposited and finally 
passes through a filter consisting of bags made of sackcloth or some 
similar material, in which the fine dust is caught Even with all these 
precautions much dust escapes into the mill building, where it not 
only causes loss, but rapidly destroys the bearings etc. of the machinery. 
The capacity of a dry crushing mijl is moreover small, being usually only 
one-third of that of the same mill working wet. 



Fig. 153. Double discharge mortsir. 
Vertical section. 






lIMi,. Husband atmospheric stamp. Side elevation. 
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Foww ttampa. lliese are of two kinds, namely, such as act Dartiallv 

^tLnn g™''»t»tion stamp, the downward motion of the 

mechanical means, and those in 

the kfl expansive foree of steam ; 

the latter may be conveniently described as steam stami)s. 
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f'ig. 1S6. Husband atmospheric stamp. Plan. 


Numerous attempts have been made to accelerate the descent of the 
ordinaiy stamp by means of spiral springs placed above the tappets 

me^od has proved ineffective maitlly because the compressed spring 
exerts its greatest power at the time when this is least needed, nsLly 
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nt the commencement of the fall of the stamp. Another method, namely 
that of forcing the stamps downwards by means of a second cam shaft 
placed above the tappets, has been equally unsuccessful 

An obvious method consists :h actuating the stamp by means of a 
crank or its efpiivalent, so as to communicate power to it in its descent ; 
this cannot be done by attaching the stamp directly to the crank or to a 
connecting rwl actuated by it, because the shock of the falling stamp 

would destroy any ordinary machinery 
if communicated to it through rigid 
pai-ts, whilst tlie varying depth of 
the layer of ore upon the die must 
also l)e taken into account. A spring 
of some kind must accordingly be 
interposed l)etwecn the stanq) head 
and the crank. Strong steel springs 
like niilway waggon springs were used 
in a machine known as Patterson’s 
Elephant stain]), which consisted of a 
j)air of small 8(|uare stamp heads 
working at a high speed in a small 
mortar box. The wear and tear was 
however found to be excessive and 
the machine was not a success. The 
Dunham stanq) worked on somewhat 
the same principle, but has been 
ecpially unsuccessful. 

In the Husband atmospheric 
stamp, the place of the spring is prac- 
tically taken by air under pressure. 
ITie construction of this machine is 
shewn in Figs. 1 54, 1 55, 1 56. It consists of an iron framework supporting 
a crank shaft, there being two cranks u{)on it at an angle of 186 
to each other. Each crank works a vertical cylinder by means of 
a forked connecting rod, attached to trunnions on the cylinders. 
As shewn in the section in Fig. 157, inside each cylinder if, there is 
a piston H to the lower end of which a stamp head is attached, and 
there are holes in the cylinder for the admission of air above and 
below the |Mston, when the latter is in the middle of the cylinder. 
As the cylinder moves upwards ‘the piston immediately closes the 
lower apertures, and the air below it is compressed until 4t is under 
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Fig. 1*)7. (.’yliuder of Husband 
aianip. Vertical section. 
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a total pressure greater than the weight of the piston and stanip head, 
when the latter is lifted and continues to ascend at the same rate as the 
cylinder until the latter is in its highest position. The cylinder tlien 
commences to descend and the rtamp to fall, but the former, moving 
more rapidly than the latter, soon overtakes it, and the air, now com- 
pressed above the piston, forces the latter down with a velgcity ecpial 
to that of the cylinder itself. The air thus forms an elastic cushion at 
either ctid of the stroke that prevents any injurious shocks from being 
transmitted to the frame-work. As shewn, the two stamps work side by 
side, each in a cast iron mortar, which is supplied with screens on three 
sides, the fourth being occui)ied by the feed-shoot. The machine is strong, 
compact and does good work. One of these machines (with two stainj) 
heads) is said to require 3.5 i.h.p. to drive it, and to be capable of 
crushing 40 tons of hard tinstone in 24 hours from 4 inch cubes to a 
mesh of 0*048 inch. A pair of these stamps stamped 10,760 tons of hard 
tinstuff in a year at Dolcoath, equal to 16J tons per head per day. The 
water sup[)ly in this machine is through the hollow stamp stem, which 
is thus water-cooled. The Sholl pneumatic stamp is somewhat similar 
in princif)le, but the stamp stem is attached to the bottom of the cylinder 
whilst the piston rod which passes out through the top of the cylinder is 
worked by the crank. A Sholl mill running at 125 drops per minute 
and absorbing alK)ut 20 h.p. is said to Ixj capable of crushing 24 tons to 
14 mesh in 24 hours. 

The most modern machine of this ty[)e is the Morison High-speed 
stamps which has a hydro-pneumatic lifting cylinder. The stamp is 
shewn in elevation in Fig. 158 and the cylinder in section on a larger 
scale in Fig. 150. The mortar box J, sUinip heads, etc., as also the 
frame and the lower guide are identical with those of an ordinary 
Californian stamp mill, the lifting mechanism alone being different, 
whilst the ui)per jmrt of the frames is modified at so as to support 
this mechanism. The short stamp stem K (Fig. 158) fits into a sleeve 
8 by which it is coupled to a piston rod E ; the latter terminates in 
a piston which works inside a cylinder C ; the latter is caused to move up 
and down within guides by means of a connecting rod coupled to a crank 
shaft E* Such a shaft is placed over the top of each five stamp battery, 
and has five cranks spaced at 72* apart By this means the cylinder 
above each stamp is caused to rise and fell vertically at the desired speed. 
The upper part of this cylinder is surrounded by an annular chamber W, 

* Imt, Min, iftff., “ A Development iif Gravitation Stamp Mills,* by Morisoii and 
JSremner, Vol. vnj. (January, 1900), p. 166. 
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Fig. 159, which acts as a water reservoir, communicating with the lower 
part of the cylinder by means of a port P and also with an air vessel at 

A ; there is also free communication 
between the upper part of the cylinder 
B and the water reservoir. Telescopic 
pipes allow the water supply in the 
reservoir to be renewed, increased or 
decreased as may bj required by means 
of a small circulating pump. The action 
is as follows : when the stamp is resting 
u|M)n the die, and the cylinder in its 
lowest position, the port P is ojien and 
communicates with the lower pirt of 
the cylinder C which is full of water. 
As the cylinder rises it forces this water 
into the reservoir IF, until the area of 
the iK)rt gradually diminishing, the 
pressure l)ecomes sufficient to lift the 
piston E and with it the stamp. When 
the cylinder has reached the top of its 
stroke and is descending the piston is 
able to fall freely, its motion being 
accelerated partly by the friction of the 
rapidly descending cylinder and partly 
by the pressure of the air above the 
piston. By this means a much higher 
s[>eed of driving can bo obtained than 
with the ordinary Californian stamp. 
Suitable mechanism for turning the 
stamp slightly after each blow is pro- 
vided. The inventor considers 132 blows 
j)er minute to be the best rate of 
working ; and that his 1400 lb. stamp 
working at this rate has a crushing 
capacity 70 per cent greater than that 
of an 1160 lb. Californian stamp, or in 
other words that .30 heads of such high 
speed stamps are equivalent to 50 heads of Californian stamps. He does 
not however claim any marked power jeconomy for his stamp ; it must be 
added that the machine is new and has not come into use to any extent 



Pig. 169. Cylinder of Morison high- 
speed stamp. Vertical section. 






fig- 1«0. Ball stcum stamp. Perspective. 


Sttam itamt» have been devised of many different forms, the 
appKcation of the principle of the steam hammer to crushing purposes 
being a fairly obvious one. 3y for the most important development 


A 



Fig. 161. Cylinder of Ball steam stamp. Vertical section. 

of the steam stamp has been for the purpose of crushing the copper 
bearing rock of the famous Lake Superior copper mines ; this material 
does not need very fine crushing, the,8creens employed being punched 
with holes ^bout ^ inch or J inch in diameter. The first of these 
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steam stamf)8 is said to have been designed by Mr W. Ball in 1856^ ; 
and the original design with but slight modifications is still in use 
in many places. A modem type of Ball steam stamp is shewn in 
Fig. 100. llic mortar rests upon a massive iron bedplate, which is in 
its turn supported upon sills of wooden and iron Beams arranged cross- 
wise so as to give a certain amount of elasticity ; the ^total weight 
of this anvil is about 1 1 tons. Strong wooden uprights carry the steam 
cylinder, which has a diameter of about 15 inches and a stroke of 
24 inches. Tlie valve gear consists of a plain D-slide valve, driven by 
a small eccentric keyed to a shaft cairied on top of the uprights and 
independently driven. The steam cylinder and valve gear are shewn 
in Fig. 1()1. The eccentric C, which is connected direct to the stem of 
the D-slide valve, is itself worked by an eccentric gear, consisting of 
a pair of elliptical spur wheels B, By driven by the pulley A, the 
throw of the eccentric being at right angles to the line D, />, in 
which the nuyor axes of the ellipses lie. This arrangement opens the 
port fully for the downstroke, but only very little — about inch — 
for the upstroke. The stain}) stem is 8 inches in diameter, to which 
the shoe, rectangular in plan, is attached by means of a dovetail and 
key. The weight of the falling parts is about 4,500 lbs. and it works 
at 90 dr()}is per minute. The crushing capacity of this stamp is about 
150 tons in 24 hours. Dirge cleanince spaces must be left, both at 
the top and Imttom of the cylinder, so that much steam is wasted and 
the machine is by no means an economical one. The Leavitt steam 
stamp shewn in Fig. 102 was a considemble im})rovement in this respect. 
It will seen that the sha})e of the mortar is practically unchanged ; 
the frame now consists of four cast iron columns, but the chief modifi- 
cations are in the cylinder. This, shewn on a larger scale in Fig. 168, 
is steam-jacketed throughout, and is differential, the lower imrtion 
having the smaller diameter. The up})er cylinder is 21 J inches in 
diameter and the lower 14 inches. A steam dashpot is formed by 
the lower end of the lower cylinder, an air dtishpot being used to 
cushion the stamp and prevent its rising too high. The valve gear 
(not . shewn in the figure) consists of four cams, each working against 
a lever furnished with a roller so as to diminish friction. The object 
of the differential cylinder is to economise steam, only enough being 
used in the lower cylinder to just lift the weight of the piston and 
the attached stamp head. The mortar was made heavier in the most 

* Amer. Imt. Mec/u “Notes an the Hteiim Stamp,” by F. G. Coggin, Vol vl 





188 The Dremng of Mimnm 

recent Leavitt stamps, and the weight of the anvil was increased tp 
12 tona It is stated that the Leavitt stamp saved 35 to 40 per cent^ 
of fuel as compared with the Ball stamp, whilst its crushing cap^ity 
was increased to 240 tons in 24 hours. Tlie chilled cast iron shoe wears 
for about 6 days. A set of steel screens inch thick, punched with 



Fig. 163. Cylinder of Leavitt steam stamp. Veitical section. 


^ mch holes, will screen about 10,000 tons of crushed rock. The 
water consumption in the mortar is about 800 cubic feet to the ton 
of rock • 

The Allis ^team stamp is a development of the last-named, its | 


Vomminutiiin 

amshing capacity being considerably increased. All these steam stamps 
ire stated however to pve about the same efficiency, namely from 
1745^ to 1’862 tons per H.P. in 24 hours. 



Fig. 164. Allis steam stamp. Perspective. 

The Allis stamp is shewn in Fig, 16 # as built by Messrs Fraser and 
Dhalmers, Ltd# The valve gear has a ^lecial quick return motioni 
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giving very little Bteam on the upstroke, and a full head of steam 
with an early cut-off on the down-stroke. The stamp shoe is of 
chilled iron, and the mortar is lined with chilled iron platea and 
rests on a cast iron base ‘plate weighing 12 tons underneath each 
mortar. One of these stamps, running under a steam pressure 

of 90 lbs. per sq. inch at 100 drops 
I>er minute, crushes on an average 
:w>0 ton! per day of amygdaloid 
through a ^ inch screen, and uses 
000,000 gallons of water per day; 
about ]| hours out of every 24 
are taken uj) with removing thq 
lump copper from the mortar. 
AVith a steam pressure of 115 lbs. 
per sq. inch, the same sjieed of 
stanq), and the same size of screen 
})ei*foration8, 450 tons have been 
crushed in 23 hours. In this mill 
2H tons of rock are crushed per 
ton of coal consumed, this serving 
also for heating, lighting and 
{)um])ing. Such a steam stamp 
weiglis (without the cast iron base 
block) alM)ut 130 tons and costs 
about £2,300. 

Numerous forms of steam 
stamps have been devised for fine 
crushing ; perhaps the best known 
and the only one that need be 
described is the Tremain steam 
stamps shewn in perspective in 
Fig. 105 and in sectional elevation 
in Fig. 166. This machine consists 
of a pair of stamps working in a 
mortar furnished with screens on -!; 
three sides. The stamp consists of a stem with a piston at the upper 
and a shoe at the lower end; there is no head strictly speaking, 
the shoo fitting on to the stem as shewn. The stem is 4 inches * 

' Tran$. Imt Min, Eng,y “The Use of the Tremain Steam Stamp,' by 

K. A. SnoiTT. A’oL xxvi. n. 546. 



Fig. 1U5. 

Tremain steam stamp. Perspective. 
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Fig. 166. Tremain steam stamp. Sectional front and side elevationa 
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in diameter and the piston 6 inches; there is tAierefore only an 
annular piston, 1 inch wide, exposed to the action of the steam in 
order to lift the stamp. The falling weight is about 300 lbs., the 
length of drop is from 5 to #8 inches, and the stamp is capable of 
working up to 200 drops per minute. The average capacity of the 
machine was found to be about 12 tons in 24 hours, ^rushed from 
3 inch cube down to 20 mesh. The fuel used amounted to about 0*2 
cord of wood per ton of ore, ecjuivalent to about 0*1 ton of ordinary 
coal. The makers have devised a special form of ore-feeder to be 



Fig. 167. IJuittiiigiUm mill. Seotioiml pei'spoctive. 


used with this mill. The stamp mill alone weighs about tons 
and costs about £170 ; the mill, with a nominal 12 h.p. boiler and all 
fittings complete, weighs about ^ tons, and costs about £250. 

Rotating fine orushers. A number of fine crushing machines act 
chiefly by the percussive effect of weights against a revolving track, 
the force impelling the weights being either centrifugal force or gravity; 
in all these machines abrasion, and to a smaller extent direct pressure, 
may also take some part The weights take the shape either of balls or 
of rollers, and they work against^n anvil or track which revolves about 
a vertical axis when it is mainly centrifugal force tha^ comes into 


play, and about a horieontal axis when gravity is ti^en advantage of. 
These machines play a comparatively subordinate part in general crudiing 
operations; Ae HunUngdon mlU may be taken as a good typical 
example It is shewn in sectional perspective in Fig. 167 and in vertical 
swtion in Fig. 16«. L consists essentially of an iron drum, the lower part 
»f which caiyies a steel ring which foniis the track against which tlie 



Fig. 188 . Hiuitingdmi inUL Vertical section. 


crushing is performed. Immediately above this ring are placed three 
frlT”"’ "“"Py fr”"* half of the circum- 

receJ^ltl.^'' ^ 77 - ^ «e"“>circular launder which 

v^jves the pulp discharged through the screens. In the centre of the 

step Dearmg and rotated by means of suitable gearing. 

13 
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To the top of the shaft in keyed a cross-shaped casting, from which four 
spindles are Husj>ended by means of yokes; the lower end of each of 
these spindles is provided with a steel roller which works against the 
above-mentioned annular tmck. These rollers are capable of revolving 
on the s{)indles, and the latter are overhung as shdwn, so as to be pressed 
outwards l)oth by gravity ami by centrifugal force against Jhe steel ring. 
The material to be crushed is introduced through the feed shoot at the 
back of the machine. • 

The Iliinting<Ion mill is made in three sizes, namely: 

I . ! 

Kevolutioiis . . . 

; Dmmel.r \\Vi«hl , of «|mKll.- Apim-xmiat,. ^ 

, { pet iijinuU* 

' 1. 'V e," 2trMil8cwt. 90 1*17.5 

II. r/ 4tonlHc\vt. 70 i*;UH) 

III. 0' Htoii ,5.5 1^470 


The most usual size is the Xo. 11, which seems to recjuire from 10 to 
12 H.P. to run it, the usual sp(‘ed being only about 00 revolutions per 
minute, instead of the higher figure recommended by the makers. Its 
eflieiency on hai'd material is small, lH‘ing only about 10 tons per 24 hours 
crushed to about 1.5 mesh; on softer material it has been known to 
crush over 20 tons |K;r 24 hours to ‘10 mesh (0*024 inch). The wear 
of the ring die and crushing rollers is considerable, amounting to about 
lOfA ^ler ton of hard ore crushed. This mill is l)est suited for crush- 
ing moderately soft material, which should be broken to at the most 
1 inch cube before Ixung charged. It is also well adapted to the 
further crushing of once-crushed ore (as in the treatment of so-called 
“middlings” from jigs [see p. 22H]). It lais been used a good deal for 
the crushing and amalgamation of gold <|uartz, but is not so well adapted 
to this puri)<>8e, esjKJcially if the ore is dense and hard. This mill is only 
suitable for wet crushing. 

I'his machine is a modifitiatioii of the Dingey pulveriser, which was 
in use alK>ut the year 1870, and consisted also of a liorizontal drum, 
0 ft. in internal diameter, fitted with screens, and containing 4 rollers, 
which were rotated by gearing from a central spur-wheel ; these rollers 
were 2 ft. 6 ina in diameter and made 200 revolutions per minute 
rouml fixed axes, whilst the drum itself made 4 or 5 revolutions per 
minute. It is said to have be^n ca[)able of crushing 15 to 20 tons per 
day of 24 hours. 
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The Howland* pulveriser was also an earlier machine of somewhat 
similar type to the Huntingdon mill, the crushing rollers being however 
smaller, more numerous, and not attached to spindles. 



The Griffin mill is like the Huntingdon mill with a single large roller, 
which is caused to revolve on its spindle by means of gearing. . 

13—2 
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Several machino8, such as the “Cyclops” mill and the “Niagara 
pulveriser, consist of a drum revolving almut a horizontal axis, in which 
crushing is performed by balls or rollers working against an annular 
steel track. These machines Ifave not been very ijuccessful in practice. 

A very efficient machine, and one that is coming into general use, 
is the Ball mill, originally introduced by tlie Fried. Krupp^A. C. Grusoii- 
werk of Magdeburg, shewn in Fig. IdO. It consists of a drum revolv- 
ing aliout a horizontal axis, the circumference of which consists of 
screens of any desired mesh ; witliin this is a coarser screen made 
of [Kjrforated l)ent steel plates, so arranged as to protect the outer fine 
screen, whilst at the same time allowing all the material that is not fine 
enough to get back into the interior of the machine. Inside the pro- 
tecting screens are six strong chilled iron “ hunch plates,” helical in form, 
and arranged Jis shewn, so as to form steps. Upon these plates lie a 
numl)er of steel balls. Tlie material to be crushed is introduced through 
the feed shoot, shewn in the section, into the central iH>rtiou of the 
drum ; as the latter revolves the steel balls fall over each other at each 
step of the chilled hunch idates, and by their impa(!t crush the mineral, 
jwirtly between the balls themselves, partly Ixitween the balls and the 
hunch j)latcs. The mill is coin])letely enclosed, as shewn, in a sheet iron 
casing. It is designed for working <lry, and is one of tlm most efficient 
of dry fine crushei*s, but can also be modified so as to work wet. The 
following table shews the princii)al sizes: 


Noh. 01 


)iamoU*r of luill (inchcH) sr> 

Vidtli of mill (inchcH) 20 

levolutiouH j)or minute' 38 

lorso-iKiWor reipiml O'.*) 

Voiglit of machmo alone (cwt.) 21 
Voight of a sot of balls (cwt.)... 2 

Haraot^r of balls (inchoH^ 2'4 

*ru!e, about, X' 70 


1 


8 

4 

.7 

42 

52 

59 

72 

86 

28 

89 

: 89 

89 

46 

ar, 

.80 

27 

' 2.7 

21 

15 

.8 

6 

, 11 

1.7 

40 

66 

87 

' 129 

182 1 

8 

6 

9 

i 18 

. 18 j 

i-2&4-0 

4, 4-5&.'> 

4,4T)&.5 

'4,4’r>&r) 

4,4‘G&6 

100 

170 

22.7 

: 27.7 

i 860 


The capacity naturally varies very widely with the material to be 
crushed and the desired degree of fineness ; moist mineral takes far 
longer to cnish than dry, owing to the difficulty of passing moist crushed 
material through the screens. 

Exhaustive records have been published by Mr White, based on the 
running of a set of sixteen No. £ Ball mills at Mount Morgan on moder- 
ately hard quartzose ore. These shew that the Ball mills alone re<iuire 
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13 H.P. each and crush at the rate of 22*7 tons of ore in 24 hours to 
20 mesh (0*025 inch), being at the rate of 1*75 tons per h.p. for 24 houre. 
ITiw' wear of steel is at the rate of 1*644 lbs. per ton of ore crushed, out 
of which the wear of ^he balls is 0*725 lb. and of hunch plates 0*681 lb. ; 
the total cost of materials for renewals is given as 10‘5ri per ton of ore 
crushed. * 

Similar machines are made by many other inakci*8 ; Messrs Bowes, 
Scott and Western, Ltd. make a ball mill somewliat like the one descril)e<l 
alwve, except that the material to be reduced is fed in through a hollow 
axis; the screens arc attached in convenient segments so as to lie 
easily removed and replaced. This mill is shewn in Fig. 1/0. 



Severs d ball mills have also been designed for wet crushing ; one 
of the most efficient is the Grdndal ball mill, shewn in perspective in 
Fig. 171 and in section in Fig. 172. This mill is usually made 70 inches to 
80 inches in inside diameter by 40 inches intenial length ; the cylindrical 
IKirtion is built up of longitudinal steel bars, which can be worn down 
to less than half their thickness before they need to be discarded These 
are fastened into massive cast iron end plates with renewable liners, and 
provided with central necks which form bearings, on which the whole 
drum revolves, although in some forms a central shaft has also been em- 
ployed, and in others friction rollers hafe been used The material to be 
crushed is fed in through one of the necks and escapes through the other, 





The Dremng of Mimrahl 

the degree of finenesH to which materia] is crushed depending primarily 
ujmn tJie rate of floM^ of the water. In other forms a short conical screen 
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down others are regularly put in, so that in work the mill contains balls 
of all sizes from 6 inch downwards. The average wear of the balls 
amounts to about 2 lbs. of metal per ton of hard ore crushed, and about 
3 lbs. of metal off the lining of the miil. These ball mills are r‘un at 
about 25 to 28 revolutions per minute, require 25 to 35 H.P., and will 
crush 25 to*100 tons of hard ore down to 002 mesh in 24 hours ; at 



Fig. 173. Ferrari« Ball mill. 1‘crHiHJc'tive. 


this rate of working the water consumption is about 10 cubic feet |)or 
minute. These mills are used very extensively in Scandinavia for the 
w et fine crushing of hard iron orea The price is about £350. 

The Fcrraria wet crushing ball mill is shewn in Fig. 173, which clearly 
indicates the mode of supporting and driving it It is about 61 i inches 
in diameter and 40 inches long, divided longitudinally into two comparir 
ments ; the longer, about 30 inches iij length, is lined with mapganese 
steel plates, and contains about | ton of foiged steel balls, 4 inches and 
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6 iiicheH iu diameter. The shorter compartment is separated from the 
other by a transverse i>erforated partition ; it carries a central cone 
placjed axially with divisions extending radially from it, whilst the outer 
surface consists of a screen enclosed in a housing. ,The material is fed in 
through the axis into the longer compartment, and when crushed passes 
through the holes in the [lartition inU> the screening compiti’tment ; the 
undersize escajMJS through the screen, whilst the oversize, elevated in the 
radial divisions (which act like a raff wheel^, is returned over the 
outside of the cone into the crushing compartment. This mill runs 
at 20 revolutions jKjr minute and reijuires about 6 H.r. to drive it. 
It is said to Ik? capable (»f crushing 20 to 115 tons per 24 hours, according 



Kijr. 174. Tuhe mill. l‘ei*sj>cctivo. 


as the 8cr(«en varies from ao to 12 mesh. This mill, which is made by 
Messi's Edgiir, Allen and Co., is sjiid to do very good work ; its weight 
complete is 7J tons and its price £,’150. 

For very fine crushing, wet or dry, such as is required in special 
cases, the Tube mill is employed, which appears to have been designed 
originally by Mr Davidseii. This is simply a very long ball mill ; the 
balls niay l)e either ii-on balls or else rounded natural flints may be 
used ; in the same way tlie lining is either of metal (chUled cast iron, 
manganese steel, etc.) or else of pieces of hard flint or chert The 
general appearance of such a mill as made by the Humboldt Engineer- 
ing Co. is shewTi in Fig. 174, and the construction of a similar one made 

Fried Krupp A. (J. Orusonwerk in Fig. 175. The latter mill is about 
4 feet diameter and 16 feet 6 inches long, and makes 29 revolutions 
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p^r mitiute. The material to l)e crushed is fed in through the hoppei dj 
whence it i>asses into a feeding appliance h, and thence into the tube 
mill pr(»{)er ; at the opposite end it is discharged through a screen c 
and dro|)s into the discharge I!oj)j)er d. At e th^re is an exhaust pipe 
for carrying off fine dust. Tube mills vary in diameter from 3 feet 
to 5 feet, and in length from 13 to 10 feet. In other patterns the 
discharge, instod of Ixjing axial, is through screens round the periphery 
at the discharge end of the tul)e; l>oth arrangements have their 
advfvcates. The TuIkj mill was originally intended for dry crushing, but 
is also used for crushing wet. 

A mill of the size shewn above was found in West Australia^ to be 
capable of crushing wet 33 tons of sands from a ball mill in 24 hours, 
90 {Hjr cent, of the product l)eing finer than 100 mesh. The power 
required was 30 h.p., and the costs per ton of sands are given as 
follows : 


Power 

1 1*53 pence 

Flints and liners 

1*35 

Labour 

3*50 

Hepairs 

0*99 

Totiil per ton 

17*37 pence 


In another mine in the same district a tulwj mill ground 07 tons of pulj> 
from a stamp mill with 25 mesh screen down to 220 mesh in 24 hours, 
with a power consumption of 30 H.P. A set of hard iron liner plates 
wore out in 145 days, corresponding to 10,530 tons of ore, whilst the 
wear of the flint l)all8 was 343 lbs. jxjr 100 tons of ore. The preference 
here seemed to be for hard iron liners and flint l)all8. 

Mr Davidsen stiites^ that the best speed of revolution of the tube 

mill is where 1 ) is the interior diameter in inches; the best charge 

of flint is given by the formula where W is the weight of 

flints put into the mill, and N the internal capacity of the tube mill in 
cubic feet In West Australia the actual practice corresponds more nearly 
to W « 60A^. The flints used should be natural i)ebble8, from j inch 
to 4 inches in diameter, and are found on the shores of Denmark and 
the north coast of Frarme, the latter being the better. The horse-power 

* Tr^tk Imt, Min. Sf«t. Vol. xiv. 1904-6, j>. 87. 

* UM. p, 164. 
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Tl.e theoo- of baU milk and tube mills (which an, in effect merely 
prolong^ Imll nulls, unless when the former are fitted, like the Unison 
«II mill, wifh curved Imffle plates) has been carefully worked out by 
Vofessor Ifennann Fischer^ He has ol^erved the Jtion of the Ms 
siMicmlly maile nulls, and deduces that the action is as shewn in 
1/6, which represents the interior of a l»dl mill, 1 metre (-K. inches) 



Fig. 176. I liagram of action of tube mill. 

in mternal diameter, making 34 revolutions per minute. A ball lying 
^mst the wall of the drum will be lifted with it until it reaehL f 
position A, where its angular distance above the horizontal is V^, such 

that the centrifugal force ^ is less than the component of gravitation, 

J Sint, which passes from the centre of the dram through the centre 
of the ball, where m ,s the mass of the ball, n the linear velocity of 
rotation in feet per second, r the radius of the dram in feet, and g 
the acceleration of gravity. At this point the ball will leave the waH 

» Zeittch. d. Ver. D€Ut$ch. Ingen. March 26, 1»04, p. 467. 
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of the drum and fall in the jmrabolic curve thus striking against 
the other ImiIIh, as at h, and crushing the niinerdl bj impact. The same 
action causes the crushed material to be lifted and gradually pushed 
forward to the discharge end of the mill. • 

Prof. Fischer appears to attribute the crushing action wholly to 
percussion, but it seems more i)rol)able that crushing is'largely per» 
formed also by attrition l)etween the balls as well as by impact. 

From tlie alK)ve theory of the ball mill the maximum limiting velocity 
of rotetion can l)e calculated : 

Let 1) l)c the diameter of the mill in feet, n the number of revolutions 
IMjr minute, g the acceleration of gravity (:J2‘2 ft. per second per second). 

Assuming that the inside of the mill is rough, and that the friction 

due to the centrifugal force of the rotiiting ball, , pressing against 

the inside is sufficient to keep the ball from slipping, so that it moves 
round with the same speed as the mill, the maximum possible value for 
c, at which the ball will not Ikj carried round continuously is given by 
th(j exjM’cssion c ~ \'r(j. When the ball reaches the highest point of its 
course, == and sin = 1, or w/f/sin = mg. Fiiuating the vertical 
action of gravit} against centrifugal force, 


But 

Whence 


or 


mr~ 

mg - or 


r - ^ rg. 


c = 


n 27r r 
GO 


GO ^rg __ 54*10 
27rr " V,. ’ 
7G‘6 


or if the diameter d be ex[)ressed in inches n « . Thus it appears 

V d 

that the rule above (piotcd from Mr Davidsen allows an ample margin 
for safe working as deduced from theoretical considerations. 

Mr Ilardinge' has designed a tube mill which instead of being 
cylindrical consists of a double hollow cone, i.e. of two conical shells 
placed Imse to Iwiae, the one having a much steeper generatrix than the 
other ; the common axis of the cones is horizontal. He claims to get a 
fiw greater efficiency with this form of mill than with the cylindrical 
mill, but the device only now in the experimental stage. 

Bull Jmifr. Imt Min. Eng. 1908, p. 581, 
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pklntegratars, A considerable number of machines depend for 
their crushing action jiartly upon the impact of particles of the mineral 
against each other and partly upon the impact of portions of tlie 
machine against particles of the minei^aj, the latter being in suspension 
111 the air and not resting upon any solid support; Such an action is 
only possible when very considerable velocities are attained llie 
crushing takes place mainly by la^rcussion, j«rtly also by attritimi. It 
would be as well to apply tlie tern. “Disintegrator,” by which some of 
these maehines are generally known, to all machines of this tyiie 



Fig. J77. Disiutognitor. i^ersfjoctive. 


The best known of aU of them is Carr’s Dliintegrator, known in 
i menca as the Stedman and on the Continent also as the Hubner 
It consiste of two iron discs, each supported by a short length of 
honzontal shafting carried in suitable bearings and ftirnished with a 
dnvmg pulley. Sometimes the two driving pulleys are at opposite ends 
of the machine, as in Fig. 177, sometimes they are both brought to 
e same end by making one shaft hollow, as in Fig. 178; the former 
system is generally preferable, rfe puUeys are toven one by an 
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open, the other by a crogsecl Ijelt, so that the two shafts revolve 
ill opposite direetioiiH. The two discs are a few inches apart, and 
on the sides facing each other are provided witli concentric rin^^of 
. iron jiins or teeth that reach pearly to the opposite disc, the annular 
rows of teeth on one disc alternating with those on* the other; there are 
usually three rings of teeth on one, and two on the opposite disc. The discs 
are enclosed in a substantial iron casing, in the upper part of which is 
a hojiper for the introduction of the mineral to be crushed into the 
centre of the macliine, the discharge lieing througli a shoot in the 
kittom of the casing. The two discs are < aused to revolve at high 



Fig. ITS. I li.siutcgrutor. l’ersi>t‘ctive. 


velocities in opposite directions, the speed of the outer teeth king 
usually some 70(M) feet per minute; a fragment of mineral falling down 
is stnick by a tooth and sent flying off tangentially with considerable 
velocity, at which it meets the next tooth moving also at great speed 
in the opposite direction, and is shattered by the impact, this action 
continuing until the comminuted iiarticles are thrown off from the outer 
ring of teeth. These machines are not adapted to the crushing ol* hard 
material, the wear king excessive and the crushing capacity extremely 
low; they give excellent results on soft material such as coal, for which 
they are very largely used. Carr’s disintegrators are built in various 
sines ranging from 2 feet to « feet in extenial diameter. A 6 foot 
machine, which is a convenient sis^, requires about 25 h.p. and crushes 
from 15 to au tops of coal per hour, running at about 200 revolutions 
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per minute. Such a machine weighs about 5 tons and costs about 
£250. 

The Cyclone pulveriser’ consists of a [mir of steel fans revolving in 
opposite directions in a s^eel lined drum into which the mineml to l)e 
crushed is fed. The fans make 2000 to 3000 revolutions [)er minute, and 
at this mte can crush 1 to 2 tons of material per hour with a power 
consumption of al)out 20 h.p. This machine is specially adapted to 
extremely fine grinding.^ 

The Sturtevant miir^ is very similar in general arrangement ; as shewn 
in Fig. 1/0 it consists of a horizontal drum lined with screen bars ; the two 
ends are closed by conical bushings which revolve at a high rate ; the 



Fifij, 170. Sturtevant mill. Pernpectivo. 


mineml is fed in at the toj) and discharged at the lK)ttom of the casing. 
The mills are made of various sizes, 15 inch and 20 inch in diameter 
being thos. most used. The former mill crushes about 16 tons per hour, 
consuming 7o h.p. ; the latter are run at about 900 revolutions j)er 
minute, consume from 96 to 115 h.p. and crush 20 to 24 tons j)er hour 
to 12 inch mesh. The wear comes chiefly ujk)!! the conical bushings 
which are made of chilled cast iron. A set of these weigh HOO to 
1000 lbs. and are variously estimated to outlast the crushing of 600 

* Tram. Amer. Tmt. Min. Eng.^ “The Utilization of Puddle* and Ilofaeating* 
ISlags,” by Axol Sahliii, VoL xx, jj. 387. 

Trans. Amer. Tnst. Min. Eng., ^ Granulating Magnetic Iron Ore with the Sturtevant 
Min,” by W. A. Hoffman, VoL xxi. pp. 126, 530, Tol. xx. p. 605. 
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to 6000 tons of ore. It is stated that the wear is greatly increased when 
moist ore is crushed, and that the most favourable results were obtained 
on rojisted ore. 

Machines working by attrition arc employed only where very fine 
crushing is recjuired; it would probably be best to restrict the term 
grinding to the designation of this class of crushing, whicR is but rarely 
employed in dressing operations, though often used in preparing minerals 
for chemical or metallurgical oj^erations. 

The simplest form of grinding machine is the well-known Arrastra, 



Fig. ISO. ArniHtra. Vertical section. 


which has been largely used for treating gold and silver ores in Mexico 
and the Western States of America. It consists, in its simplest form, of 
a shallow pit from 1 to 2 feet deep and 10 to 20 feet in diameter, paved 
closely with hard stones. In the middle of the pit an upright post is 
pivoted, to which are attached several (usually four) horizontal anns. 
From the ends of these anns hang heavy drag-stones, there being usually 
one to each arm, and the usual weight being 6 to 7 ewi These stones 
arc attached to the arms by means of chains or mw hide ropes, the 
line of attachnjeut being somewhat in front of the centre line of the 
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stone. One of thfe arms projects beyond the edge of the machine and 
to it a mule is usually harnessed ; arrastras are also worked at times 
by water or steam power. Such an arrastra, made by the Union Iron 
Works of San Francisco, is shewn in Fig. 180. The arrastra is charged 
with from 1 to 3 tons of mineral (usually hard quartzose ore), the 
drag-stones are so adjusted that the front edge is just clear of the 
bottom, and the machine is set in motion, making from 6 to 12 revolutions 
per minute. The ore is •ground fine in about 2 to 3 hours, water being 
poured in as soon as it is reduced to about the size of coarse sand. 

Improved arrastras have l)een constructed in which the pan is of 
iron about 8 feet in diameter, lined with chilled cast iron bottom plates 
ujK)ii which the drag-stones bear. 

The Ohilian mill consisted originally of a bed of stone very much 
like that of the arrastni, though usually rather smaller in diameter. 
Tlie central upright carries only one transverse arm, on one end of 
which revolves a circular stone like a mill stone, niostly of granite, 
5 to (i feet in diameter and alwut 18 inches wide, whilst a mule is 
harnessed to the other end. More modem forms are used in which 
the pan alone, or lK)th pan and roller, are made of iron instead of stone. 
Sut h mills are used for crushing soft gold ores in the Ural mountains' ; 
they consist of iron pans alwut 1.5 feet in diameter and 2 feet 6 inches 
deep, lined with steel plates, the front portion of the pan carrying 
screens. The centml shaft, driven by gearing, carries three arms at 
angles of 120° to each other, on each of which is a roller about 4 feet 
in diameter and 1 foot wide, with steel tyres, weighing altogether about 
3^ toiia The shaft makes al)out 12 revolutions per minute and the 
power cfusumptiou of the mill is about 7 h.p. It crushes about 18 
tons per 24 hours of the rather soft ore to one-eighth inch mesh. 

In spite of the existence of these improved forms, it may fairly be 
said that the main advantage of the Chilian mill and the arrastra lies 
in the feet that the simpler patterns form crushing machines that are 
capable of being worked by animal power, and are hence useful when no 
mechanical power is obtainable. 

The Bryan roller mill and the Bradley Chilian mill are practically 
identical in construction with the last-named, and differ only in details; 
these are made from 4 to 6 feet in diameter. The Union roUer mOl and 
the Griflin ore mill are similar, but have rollers that incline inwards so 
as to counteract centrifugal action, the grinding surfeces of the rollers 
being not cylindrical, but very short fhjistra of conea 

‘ Trmt. Amer, Imt. Min. Eng. VoL xivni. 1S08, pp. 31, SIS, 
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revolve by suitable machinery, the rollers which fest upon the pan 
revolving owing to the friction between them and the pan. 

The Schrani roller mill, Fig. 181, depends also upon thejast 
mentioned principle. It consists of a disc about 4 feet 6 inches in 
diameter, the upper surface of which forms a flat cone, the generatrix of 
which is inclined alwut 10*to the horizontal; this disc revolves at 12 
to 14 turns per minute. Upon its upper surface rest three rolls having 




Fig. 183. Simple Heberle mill. Vertical section and plan. 


the fonn of frustra of cones, the generatrices of which form an angle 
of about 10® with their axes. These conical rollers are free to revolve, 
their axes being pressed down by means of powerful springs by which 
any desired degree of pressure can be produced. The diameter of the 
rollers is alieut 2 feet 8 inches, and they make from 30 to 36 revolutions 
they are propdei with renewable steel mantles. Thesej 
3vto I H,P. ; they are chiefly used for the re-crushipg 
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of middlings, and have been found capable of crushing 8 tons of hard 
quartzose ore per 24 hours from 0*3 inch down to 0*08 inch mesh. 

Ihc Heberle mill, shewn in Fig. 182, consists of a vertical disc 
alxmt 6 feet in diameter rotating at about 2 revolutions per minute, 
against which press from 1 to 4 smaller discs 28 inches in diameter, 
making 250 revolutions per minute. The surfaces of these discs, where 
they are in contact, are often grooved so as to increase their grinding 
power. These mills consume about 6*25 h.p. and crush about 17 tons 
for each disc per 24 hqurs; they are used exclusively for re-crushing 
ore that is already broken to less than 0*6 inch. The figure shews a 
double mill, consisting of a pair of large discs keyed on one shaft. 

A simpler fonn, consisting of one revolving disc gi*inding against a 
fixed disc, is shewn in Fig. 183, as made by the Humboldt Engineering Co. 
This mill is said to be capable of grinding 8 to 8 cwt of | inch stuff [ler 
hour down to less than ^ inch; it requires from 5 to 7 h.p. and about 
4 1 gallons of water per minute. 

Pans of various forms, of which the Wheeler pan is one of the best 
kno'ui, are used for fine grinding crushed gold and silver ores, the 
object being however rather the chemical operation of amalgamation 
than the mechanical action of comminution. They consist of cylindrical 
jians with an iron bottom on which revolves an iron mullcr. They are 
fully described in the author’s Handbook of Gold Milling, already 
referred to. 



CHAPTER V. 


SEPARATION RY SPECIFIC GRAVITY. 

It wuh j)<>intc‘(l out in the o])t‘iun^ chapter that a large iiuijoritv nt‘ 
the incthodH employed in the Hcfiaration of mincral^^ from each othei* 
dci)cnd u|)on differenceH in the reHjKJctive sjKJcific gravities of tlie 
minerals in (|ueHtion. This t)j)eration is i^eiformed by the aid of 
fluids, either litpiid or gaseous ; in the former case the fluid may 
have a higher sjiecific gmvity than one of the ingredients to lx* s<‘par- 
ated, or it may Ik^ of lower specific gravity than any of them ; in the 
latter c^ise the sjHJcific gravity of the fluid is necessarily always much 
lower than that of any minenil constituent. 

VVe will confine our attention in the theoretical discussion of the 
subject to the seimration of only two minenil substances fiom each 
other, IxKjause in pnictice such methods of separation nearly always 
take the fonn of seimrating out one mineral ingredient (the heaviest 
or the lightest as the c^ise may lx*) from a mixture of a numlier of 
minerals, then 8ei)arating (mt another memlx'r of the remaining group, 
and HO on, so that even a complex case of seimration is generally 
resolved into a successioii of binary seimrations. 

The theoretically 8imi)le8t case is where a liquid of intermediate 
s|)©cific gravity is employed. Thus in a mixture of coal (of sp. gr. l *:i) 
and shale (of si), gr. 2*5), the former could be separated completely 
from the latter by crushing the mineral to a degree of fineness such 
that each particle shall consist wholly either of coal or of shale, and then 
throwing the crushed mass into a saturated solution of magnesium 
chloride of sj). gr. 1*33, in which the coal would float, whilst the shale 
would sink. No mechanical arrangement would be required except 
some simple fonn of stirrer to prevent particles of shale from l>eing 
mechanically entangled and buoyed up by imrticles of coal, or, r/cc 
rersOt particles of coal from being entangled in and carried down by 
particles of shale, llow'cver s^ple and efficient such a method is in 
theory, and in spite of its working admirably on a small scale— 
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e.g. for the separation of a few grains of mineral in the Iaborat<|^- is 
quite unsuited for practical application on a working scale, In^e first 
plaqe the range of the method is very limited, because there are but few 
minerals light enough^to float in any of the ordinary available solutions. 
The mineralogist uses a number of heavy solutions (e.g. Sonstadt’s solu- 
tion, a solution of Mercuric Iodide in Potassic Iodide, sp. gr. ; 
Methylene Iodide saturated with Iodoform, sp. gr. 3*6; Rohrbach’s 
solution, a solution of Mercuric Iodide in Baric Iodide, sp. gr. 3T)8; 
Klein’s solution, Boro-tungstate of Cadmium, sp. gr. 3*28) for the 
laboratory separation of minerals, but these solutions ftlre very costly, 
diflicult of preparation, easily decomposed, or for other reasons prac- 
tically impossible to work with on any large scale. Even in the case of 
such minerals (e.g. coal) as are sufficiently light to float in solutions 
of cheaper substances (Calcic, Magnesic, or Sodic Chloride), the first 
cost of the material would be considerable, whilst the loss of substance 
in the operation itself and the necessity for a thorough washing of the 
mineral recovered would make the process too costly to be practicable. 
This method is therefore never used, unless we include in it certain 
metliods of gold extraction, in which a pulp of finely divided material, 
contaimng free gold, suspended in water, is allowed to stream through 
a bath of mercury. The gold, more or less completely amalgamated by 
the mercury, sinks to the bottom of the containing vessel, whilst the 
l)arren pulp floats off at the surface. 

The remaining methods in which the minerals to be se[)aratcd are 
treated in fluids — li(}uid or gaseous — lighter than themselves constitute 
the bulk of the processes witli which we have to deal. It is obvious 
that in these methods 8e|)aration cannot take place in a state of rest, 
and either the mineral substances, or the enveloping fluid, or both, 
must be in motion. 

(1) The simplest and one of the most common cases is where the 
minerals are allowed to fall through the fluid under the action of gravity. 

It is known that when bodies fall in a vacuum under the action 
of gravity they fall with uniformly accelerated velocity, the equations 
connecting the velocity of falling (v), the time of falling (t\ and the 
distance fellen through (s) being: 

( 1 ) v«‘gt, 

( 2 ) 

(3) 8 « igf, 

where g is the acceleration due to gravity (32*2 feet or 981 centimeters 
per second per second). When a body &lls in vacuo, its rate of falling is 
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independent of its weight or volume, because whilst ther accelerative i 
of gravity increases with its mass, the quantity of matter to be 
increases in the same proportion, and there being no resistance b 
overcome, it is unimportant how great its surface may be. The 
is very different when a IxKiy falls through a resisting medium ; 
force producing acceleration depends as before on the mass of 
Hul)statice, but this force has now to perform not only the worl 
moving the mass but also of overcoming the uesistance of the med 
in which it moves; the latter may be looked upon as including 
work required to l)e done in displacing as much of the fluid med 
as is requisite for the passage of the moving body together with tha 
overcoming the viscjosity of the fluid. 

Neglecting viscosity for the moment and assuming for the s 
<»f simplicity that the lK)dy falling in a fluid is a sphere of diamete 
and of 8[)ecific gravity S, and that w is the weight of unit volum* 

water, the weight of the sphere will be and in a vaci 

this is the weight producing iicceleration. 

Ijct the body of diameter J> inches and specific gravity S fall 
fluid of sjHJcific gnivity s: 

Then the weight causing acceleration is the above weight less tha 
an equal volume of water or 

I mr(S-H), 

The resistance of a fluid to the fall of a body within it varies in part 
the square of the velocity with which the body is moving, and in ji 
directly with the velocity. When the velocity is considerable, 
resistance varying with the square of the velocity need alone be c 
sidered, when on the contrary it is very small, only that varying dire( 
with the velocity is of much im[X)rtance, and this only comes into p 
at velocities so low' that the viscosity of the fluid affects the result. 1 
considerable velocities the resistance is given by practically all writ 
on the subject in the following form 

Kxiws\ , 

where A is the projected area of the body in a plane perpendicular 
the direction of motion, and V the velocity of motion per second ; i 
a coefltcient, which is independent of the units employed. Foi 
sjdiere, according to Rankine' IT ~ 0*51 ; Cotterill gives K^O 
* Applied Mechanic*^ p. 598. 
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H. S. Allen* gives K * 0*54 ; Unwin gives values v«||jng from 
0*31 x 1*43 = 0*44 to 0*31 x 1*86 = 0 * 5 a Its exact value does not 
greatly affect the present question, so that it will be near enough if, 
following several other writers, the value ir = 0*5 be here adopted. 
The resistance of the fluid, using the above units is therefore 



where V is the velocity of motion of the sphere in inches per second 
and ^ is 12 x 32*2 = .‘186 inches per second per second. When the weight 
causing acceleration is equal to the resistance of tlio fluid, the velocity 
Incomes uniform ; hence equating : 



If the velocity is reciiiired in feet per second, this l)ecomc8 

If a cube of side L inches l)e allowed to fall, the formula becomes 
modified as follows : 

Weight causing motion = — 

Resistance = . 

Fkjuating and solving 

If the velocity is required in feet per second, this expression becomes 

-VW)' 

When the diameter and velocity are expressed, as is often the case, 
in motel's, the unit of time being still one second, these equations read 
as follows, Dm and being the respective magnitudes expressed 
in meters: 

Weight causing acceleration = ^ {8 - $) w, 

Resistance = O'S = VJ w, 

^ Phil. Mag.^ “On the motion of a sphere in a viscous fluid,” by H. 8. Allen, 1900, p, 824. 
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which 18 the Hanie expresKion a« ha« lieen arrived at by a 
different metluHl by Hergratii von Rittinger. 

For a cuIkj * of Hide Lm (cxpreHseil in nieters) we have 
Weight cansing motion «= Lm^ - h) ?/*, 


UeHiHtance 


‘2HL,n^Hir 


r, 






somewhat 


r 2* 15;JZ/„ 


fS — H 


For tlie velocity of fall of irregnlar Inidies, Rittinger adopts the 
device of asHuming a sphere of <[iameter such that th(^ volume of the 
sphere shall lie wpial to that of the irregular ImxIv. I^t be 
the diameUjr of such a sphere. Then according to Rittinger the 
ultimate velocity of fall in meters may be expressed by : 

/y/ rounded Ixidies, 

2*20 ^ for flattened Inxlies, 

2'6ri for elongated Ixxlies, 

2‘flri Kt ^ on the avenige. 


Furthennoro he points out that the ratio of the volume of a [mrticle 
to the diameters of a iwrforatioii (in a sieve) tlirough which it can just 
{lass, is appix>ximatcly constant for each tj’pe of form, hence an approxi- 
mate ratio can bt^ obtained between the diameter of such a |)erforation 
and the diameter of a sphere of volume equal to the volume of a 
particle that will just jiass through the jxjrforation. If the diameter 
of the jierforation be the terminal velocities in meters per second 
of tlie falling bodies will liecome : 

2 TS aJ a, ft for rounded bodies, 


* Maorice {Qmpt. Bmd. ihc. Iml 1896, p. 1 13) gives for rough cul»©8 of minerals 
faUinf in water K*, « i\ using the above notation, as the result of some 

experiments, hat hi'* fennuias do not agree in other respects with tliose here giveiu 
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m 


1D2 Am for flattened bodies, 

for elongated lK)die8, 


2*44 Am -“j on the average. 

• 

The writer is inclined to suspect that the avei'age figures thus 
obtained are upon the whole mther too low, the tendency of modern 
crushing practice l>eing to devise methods of crushing that will yield 
rounded granules tis far as possible, and that a higher coefficient than 
2 44, say at least 2*(), may siifely be adopted. 

These expressions shew that for a l)ody of given size and 8{)ecific 
gravity there is a limiting velocity which can never l)c exceeded when 
it is falling in a fluid medium of given specific gravity ; theoretically 
this limiting velocity would only be attained after an infinite time, but 
a velocity that is practically constant is attained in a very brief period. 
Mr II. 8. Allen has given the following rough rule as approximately 
correct for a falling sphere : 

The terminal velocity is attained in [)ractice nhen the sphere has 
fallen through a distance equal to five times the distance required to 
set up the same velocity in vacuo. 

Therefore the constant velocity V will l)e practically attained after 
the sphere has fallen through a distance in feet equal to 



r,F2 

W 


= nearly. 


The laws goveniing the decrease of acceleration during the first 
pcilion of the fall, in the period before practically constant velocity 
has been attained, are almost unknown. It can only be said that at the 
commencement of the fall, when the velocity is practically zero, the 
resistance due to the velocity of falling may be disregarded, and 
the velocity of falling approximates more nearly to that of a body 
falling in vacuo ; hence at the conunencement of the fall, the rate of 
motion is nearly independent of D and approximately varies directly as 

It follows from the above formulas that two bodies of different 
diameters D and Di, and of differei^t specific gravities 8 and 8^ will 
fall with equal terminal velocities in a medium of specific gravity s, 
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when their diameters and specifie gravities are to fcach other such 
that 

A ti-H' 

Snell {larticles, having e(|Ual tcnninal velocities, are called “equal- 
falling particles.” .Strictly speaking, if two equal-falling particles, of 
different densities and diameters, be released simultaneously at the 
surface of a deep vessel containing a fluid 8uch»as water, they will not 
reach the bottom of the vessel at precisely the same moment, because 
the denser of the two will have a greater initial velocity, and will 
reach its limiting velocity liefore the lighter particle will do so. If 
the de[ith of water is at all considerable, the difference will however 
l)ear so small a proiHrtion to the total time occupied in falling, that 
It may be neglected for i)ractical purposes. In fact in practice it is 
always assumed that the juirticles which reach the bottom of a vessel, 
as alHivc, at the same moment, are equal-falling imrticles, and whilst 
not strirtly true, this assumption is near enough to the truth to involve 
no sensible error, if it lie liornc in mind that of the two particles that 
reach the Ijottom of such a vessel simultaneously, the heavier will be 
slightly smaller than is indicated by the law of equal-falling iiarticles 
strictly nitcrpieted. It is obvious that if particles of two different 
minerals of notably different «iH>cifie gravities and of difterent sizes 
be sized by screening through a scries of sieves, the perforations of 
which are so arranged that all the particles passing through one mesh 
and not i«issiug the next smaller, shall have diametera such that the 

ratio of the smallest to the laigest shaU not be less than indicated 
by the condition 

A 8-s^ 

the smallest particle of the heavier mineral in that group must 
nece^rily attain an ultimate falling velocity greater than that of ■ 
the laigest particle of the lighter mineral; accoitlingly it would be 
pt^ible to TOinpleUdv separate all the particles of the lighter from 
the particles of the heavier mineral by their rate of faUing in water. 

rhe ratio of the size of the perforations of the screen to the next larger 
or t^niailer. knnwn an ClixxVrA OAnl.... a.1 * « . .... 


or smaller, is known as the sieve scale, or the sieve fector, and it is obvious 
that tliis ratio should be determined by tlie expi-esslon f'-" *. ForaU 

a — S 

practical purposes, this may be written ^ ? for bodies felling in water, 
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a 

and for bodies Mling in air. It is hence evident that a larger sieve 

iS 

fa(;b>r can be used to separate bodies falling in water than when they 
fall in air, and that, tho latter method is accordingly inapplicable to 
the separation of bodies, the specific gravities of which are not widely 
different, unless very close sizing be employed. 

Furthermore, it is evident that when particles are separated not 
strictly by their ultimate velocities, but by the time they take to fall 
through a deep body of water, the sieve factor may be allowed to 
be a little larger than that given above, or in other words, separation 
by specific gravity takes place under conditions rather more favourable 
than indicated by the formula of equal-falling. 

Tlie formulas hitherto considered apply only to particles falling 
freely in a fluid medium, that is to say, to individual particles falling 
in a mass of fluid such that the cross-section of the jmrticles is so small 
a fraction of the cross-section of the fluid that the reaction of the dis- 
placed fluid upon the falling particle may safely be neglected. This is 
never the case in practice, as the number of particles allowed to fall 
simultaneously is always so great as to occupy a considerable pro- 
portion of the cross-section of the fluid in which they fall. This is 
usually spoken of as the condition of “hindered falling,’’ the exact 
laws of which are still unknown. It is obvious that a number of 
particles falling through a fluid of limited area, will produce upward 
currents of fluid, corresponding to the displacement of the fluid by the 
solid bodies, and it will be shewn presently that an upward current 
of fluid offers a definite resistance to the particles affected by it ; as 
in an assemblage, even of equal-falling particles, the denser fall more 
rapidly at the beginning, it is clear that these are the less affected by 
such upw'ard current, the hindering effect of which makes itself felt 
mist by the lighter particles. Again the particles interfere with each 
other, and such interference affects more especially the larger and 
lighter particles, the smaller i)article8 being able to slip more easily 
through the falling mass, and the heavier having more momentum to 
enable them to thrust the others aside. That such hindrance to 
free falling does actually take place to a very marked extent has been 
f shewn by several investigators. H. S. Monroe' has shewn that a sphere 
falls more slowly in a tube, the diameter of which approximates to that 
V of the sphere, than when it falls in a practically unlimited body of 

* Tram. Jtmr, Imt. Min. Eng.^ “ English) versuu Continental System of Jigging,” by 
H. 8. Monroe, Vol. xvm 1888, p. 837. 
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water, md tlie «aine result has been obtained niore recently by 
fi Jjidenburg^ Monroe also found that a number of spheres falling 
rw fnwfSfi in a tula? fall with only one-sixth of the velocity of free-falling 
spheres. The facts are so far clear, but there are not enough data 
available to enable calculations or formulas to l)e based upon them. 
It may however l)c taken as proved that all the effects of hindered 
falling are to favour the smaller and heavier as against the larger 
and lighter jiarticles, and t(» enable He|>aration be ixjrformed within 
limits considerably wider than those indicated by the theory of equal 
falling alH)ve given ; in practice it is usually possible to work with a 
sieve factor double of that iiulicated by the strict equal falling theory, 
and yet to get |K?rfectly satisfactory results. 

It has already l)eeu sttited that all the alwve formulas are only 
a[)plic{ible to Iswlies above a certain size and whose ultimate falling 
velotuties exceed certain limits. Minerals so finely divided as not to 
settle with reasonable rapidity in water arc sfwken of as ‘‘slimes.” 
No definition has ever l>een set u[) Jis to the limit l)elow which crushed 
maU^rial should be regarded m slimes ; it is genemlly speaking consider- 
ably IkjIow 0*2") millimeter (my O'Ol inch).' It is perhaps more scientific 
to accept as the definition of slimes “particles so small that they no longer 
olR»y the law of falling through fluids with a terminal velocity varying 
as the s(juare root of the diameter,” or in other words “j)articles so 
small that the rcsistjuice to their motion is markedly affected by the 
viscosity of the fluid in which they fall.” For these small particles the 
terminal velocity has l»een investigated by various writers (e.g. Stokes, 
Oamhridffe Philosophical TransactioiiSy Vol. viii.; H. 8 Allen, “On the 
motion of a sphere in a viscous fluid,” Phil Mmf. 1900, p. 3*24 ; 0. G. 
Jones, Phil. Ma(j. 1({94, p. 451 ; Lamb’s Hydroilynaniics, yy. 533) who 
all mjcept the expression, originally due to Stokes-, 

r* 

where « is the radius of the sphere, V the velocity of fall per second, 
both in centimeters. <r and p the densities of the solid and fluid 
resixxrtively, and p> the coefficient of vi8CH>8ity of the fluid. (For a body 
falling in water at 15'C., M«0’0n5 in c.as. units.) In this expression 
the slip Ijetween the surface of the sphere and that of the enveloping 

' Wimimmmm AnnaUtt tier “Ueber die innere Reibung z&lier fliissig- 

keitew,” by R. l/adeuburg, Her. 41, Vol xxn. 1907, p. 287. 

* Mttihtmatiml and Phydml Pap^rty by Sir Oeoige Gabriel Stokes, Vol. in. 
1901, p 69. 
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sphere of fluid m neglected, the formula of Stokes being l)ased on tlie 
assumption that no such slipping takes place ; moreover the velocity 
must be so small that all terms involving squares may be also neglected. 
According to H. 8. Allen ^ the critical radius of a jmrticle above which 
this law no longer holds good is given by the expression 

y 

V 2gpi<T^py 

so that for a jmrticle of sand falling through M'ater, taking cr = 2 j 0 , the 
critical i*adius is 0’085 millimeter. He further infers that in ordinary cases 
of small particles falling in water, if the velocity exceeds 50 to 100 centi- 
meters jier second, viscosity may be neglected, and the law of squares may 
be considered to hold good. If this inference be accepted, the dimensions 
of particles forming slimes, as alwvc defined, can readily be calculated. 

The investigations of the exact laws governing the motions of these 
small particles is one of excessive difficulty ; here it will be enough to 
note that they no longer obey the ordinary laws of falling given 
])rcviously and that their rate of settlement is excessively slow for fine 
particles ; indeed a stage can be reached at which the forces tending to 
cause falling are insufficient to overcome the resistance to motion, hence 
Micl particles tend to remain suspended in still fluid, though if carried 
down to the bottom of the conbiining vessel there is no force at all 
tending to make them rise and considerable resistance to their rising, so 
that once settled they tend to stay steadily at the lK)ttom of the fluid. 

( 2) When a body instead of falling in a fluid at rest is submitted to 
an upward current of water, the nature of the action is similar to what 
it is when the bcxiy is allowed to fall, although according to Rankine 
the force exerted by a fluid current pressing against a solid body is 
somewhat greater than the resistance experienced by the same Iwdy in 
falling through the same fluid at rest According to Rittinger the force 
ha/' l»een f‘und to be equal to the resistance, and other authors seem to 
have assumed without question that this is the case. In the absence 
of conclusive experimental data which are required to settle this matter, 
the latter assumption will also be adopted here. On this assumption a 
body will just remain in equilibrium in an ascending water current 
when the velocity of the current is equal to the ultimate velocity which 
the body would attain if allowed to fall freely in the fluid at rest If 
the velocity of the current be greater or less .than this, the body will 
ultimately rise or sink with a velocity equal approximately to the 
difference between the velocity of^the current and the ultimate 

^ loc. cit p. 324. 
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falling volocity of the IkkIj. Just as in the case of a body falling 
iti a fluid at rest, a period of acceleration according to some complex 
and still unknown law precedes the iKjriod of uniform motion. It is 
obvious that an jisccFuling current will therefore separate assemblages 
of particles of different specific gravities, provided that their sizes are 
such that the ratio l)etween the largest particle of the lighter and the 
smallest jmrticlc of the heavier substance falls within the limits of 
/> and /)' as given by the e(|uatioii 
IJ ^ Si -j 
7 /“ S-h' 

It is also clear that the practical execution of the separation is 
facilitated by the rising current, since the velocity can be so adjusted 
as to lift all the iMirticles of lower Hj)ecific gravity whilst allowing all 
those of the heavier sulwtance to sink. 

When iMirticles are submitted to a descending (uirrent of fluid they 
tend to fall through the fluid according to the laws of equal falling but 
are at the same time carried downwards by the downward pressure of 
the fluid in atx’ordancc with the laws already explaine<l. The action of 
the fluid reinforces that of gravity aiid the [xjriod of acceleration will 
Ik? shortened, and during this jKjriod the action already referred to is 
a(;ceniuated, in virtue of which the rate of falling from rest at the 
(commencement of the fall depends almost wholly upon the specific 
gravity of the particle. Hence in a descending current, the denser of two 
o<iiial-falling imrticles will at first fall far faster than the less dense. 

It follows that if a mass of equal-falling iwirticles be subjected to a 
series of rapidly alternating upward and downward flowing currents, 
the e(iual-falling particles can be sharply separated into groups according 
to their densities, and that this separation can lx? Iwst accomplished' 
by a rapid upward, and a slower downward moving current, the 
duration of the action of either Ixing too short to allow the particles to 
attain their ultimate velocity, and that this action will l)e intensified if 
the particles are so near together as to bring them within the condition 
of hindered falling. 

When particles are allowed to fall through a mass of fluid moving 
horizontally, their path is the resultant of the various forces acting 
upon them, tlmt is to say, they move in a imrabola tending to be- 
come ultimately a straight line. It is obvious that the most rapidly 
falling particles will reach tbe bottom of the mass of fluid first and will 
therefore have I)eeu exposed for the least time to the force tending to 
move them horizontally and wiU therefore have been carried the least 



Stratton by Gravity '226 

distance horizontally from the point of their introduction, whilst the 
most slowly falling particles will be carried furthest from that point. 
. A horizontally moving mass of fluid will therefore divide up a group of 
particles of different^ sizes and densities into groups of etpial-falling 
particles, the division being indicated now not by time or rate of 
falling, but by the horizontal space traversed by each group. Such a 
mass of fluid offers therefore an easy and convenient method of soiling 
into eipial -falling groups,. the division lieing lietter marked the greater 
the horizontiil velocity of the fluid. If the direction of motion of the 
fluid he not strictly horizonbil but diagonally downwards, the same kind 
of separation will lie produced, provided that the horizontal component 
of the direction is sufliciently great. 

(.3) The above statements apfdy only when the dejith of the mass of 
fluid is so considerable compared to that of the diameter of the fiarticles, 
that the difference between the velocities of the upjier and lower 
surfaces of the current of fluid may be neglected, and that the entire 
mass of the fluid may Ik* considered as moving with uniform velocity^ 
and that at the same time tlie rcigime of eipial-falling velocities may l)e 
estabiislied. If the diameter of the particle be on the other hand great 
co?.«[>ared to the dejith of the fluid, m is the case when particles are 
carried along an inclined plane by a thin film of fluid, different con- 
siderations prevail. 

If the inclination of the plane lie a, the weight of the particle 
pressing upon the plane (cf. p. 210) will lie 

^ 7/ {S — «) 7/’ cos a. 


lind if fjL be the coefficient of friction between the particle and the plane, 
the resistance to its motion down the plane will he 

“ 7>® {S - s) irfieoH <x. 


If be the mean velocity of the water current conseijuent upon its 
flow down the inclined plane, it will exert upon the particle a force 
TT F‘^ 

equal to K - ^ , where AT is a coefficient, that appears, as stated 

on page 223, to somewhat exceed 0*5, according to Rankine, whilst 
others take it as O'o. To enable the particle to move, the force must 
evidently exceed the resistance, or 

swD^ > ^ ») WM cos a, 

10 ^ o 


15 
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wlicuce > V ^ 

if the particle in to Ikj moved down the plane. , 

AKrturninji; that the mean veUwity of the current in considerably in 
excess (»f the figure thus obttuned, let there l)e placed upon a plane 
in Fig. 1 H4 two jairticles, A and B, of dift’erent diameters, but which are 
e(|ual falling in still water, that is to say, whose diameters and densities 
satisfy the ratio • 

jy S^~h' 

The depth of the fluid may Ik‘ conceived as made up of a series of 

thin films c,, c.., Ca c,;, each of which is moving with approximately 

uniform velocity, throughout its depth, whilst e^ich is moving more 
ra[)idly than the film below' it, so that the velocity of c« will be almost 
nil, whilst Ci will l>t‘ moving with a velocity considerably greater than 
the mean velocity of the entire sheet of fluid. Obviously the smaller 



and denser particle A will Ik* exiM)sed to slower moving currents than 
the larger and less dense particle /i, and will therefore be moved down 
the inclined plane more slowly than the latter. Hv suitably adjusting 
the angle of the plane, and the de[»th and velocity of th(^ stream of 
water, it is jM>ssible to cause the larger particle li to Ixi carried down 
the plane whilst the force of the currents to which A is exposed shall 
not lx: sufficient to move it, Ixing less than the value given in the above 
formula, so that a very complete «k‘paration can thus lx brought about. 

(4) Finally, if a group of pjirticles immersed in a fluid receive simul- 
tiuieoimly an external impulse, their momentum will depend upon their 
mass, and the resistance of the fluid to their motion upon the area of 
their cross-section ; the general case may be stated as follow\s : let a 
spherical body resi upon a plane, entirely submerged in a fluid at rest ; 
let this plane i*eceive n impulses per second, each imparting the velocity 
I of the plane to the lK)dy. If the movement of the plane lx now arrested, 
each impulse will move the body forward relatively to the plane until it 
is brought to rest by the resistance of the water and the friction upon 
the plane, the latter remaining at rest 
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Let (7 be the mean velocity of motion of the particle over the plane 
in the direction of the impulses, and let l)e the mean velocity of the 
particle during the time, t seconds, in which its velocity is reduced from 
I to zero. All the velocities are measured in units of length per second 
of time. The problem is not capable of complete solution for want of 
experimental data, and a numl)er of assumptions must be made, the 

most important of which is that v will l)e taken as ecpial to - , merely 
• ^ 
because this value is the mean between its initial and its final values. 
The remaining notation is the same as on p. 216. 

Then the initial momentum of the particle is 

Zimw^ . 

<> 0 

This momentum is destroyed in time t ; the distance traversed by 
the particle per impulse is vf and per second nvt ; whence 

U Si nvf and t 

nv 

Hence the force recjuired to destroy the momentum is 

- L>^Sw . 

(> Ug 

And this force is equal to the resistance of the water plus the 
friction on tin* plane, these Iniiiig as before 


Dhiv and 
H 2g 


ly^ {8 - if) w/j,. 


Equating and substitutiiig, 

(i 2gU 

IJ-- 


I>8iiP 


whence v • 

■^8P^2gD(8-8)ti 

From which it apjKjars that when other conditions remain the same a 

larger particle will Ikj moved more rapidly over the plane than a smaller 

particle. For particles of the same size but different specific gravities, 

V increases with 8, or the heavier particle moves the faster when 

■^P> and the lighter particle moves the faster when -^P < 2gfiD. 

The fonner is the general condition, so that under most circumstances 

the heavier particle moves the faster, but in the case of large rough flat 

particles, where J) and are lx)th considerable the lighter particle may 

move the faster over the plane. 

In practice the simple arrangement here postulated is never used, 
but planes subjecteil to impulses, such as here described, have a current 
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of waUjr flowing over them in a tliin film, so that the action described 
in the last secrtioii is com|K>uuded with that due to the impulses of the 
plane, as will l)e more fully descrilHMl in ( /hapter VIII. , 

A numlier of processes and appliances are fojinded upon the above 
principles ; it has l)een sljcw'ri that these are only applicable to groups 
of {mrticles the dimensions of which exceed ceitain definite limits, the 
smaller particles constituting slimes, which have to be treated by 
another set of appliances, though tlie line of demarcation l)ctween the 
two groujjs is by no means sharj)ly drawn. It is evident that by the 
application of the simple principle of e<|ual falling velocities, all the 
denser particles could be separated from all the less dense particles 
of a group in whicdi the ratio of the largest to the smallest diameter 

shall l)e less than the ratio ,, , be<ause in this the smallest particle 

of the denser material must still fall more ra[)idly than the largest 
parti<de <d’ the less dense. This is usually attained by crushing the 
crude mineral in any s’uitiible iimchine, and by passing the crushed 
pnxluct through a series of any of the sizing appliances already 
considered. The (\>xe gyrating s{‘reen and others (d‘ that class have 
Ix^en used, as also have screens of the Ferraris type, but trommels 
(p. fifj) are to-day almost universally employed for this purjK)se. It is 
obvious that the diameter of the screen aixrtures or meshes must 
form a series in geometrical progressi(»n, the factor of which is the 
above ratio, which then constitutes the sit‘ve scale or sieve factor. 
Hittinger recommends a sieve factor of \ 2=1‘41, which is thoroughly 
efficient for most purposes, but is liable to the serious objection of 
reipiiring a very large numlxr of trommels and a correspondingly large 
niiinlxT of appliances for treating the products of each. Ilis sieve factor 
is unnecesHjirily small for most pur}M)ses, Ixcause as Inis already Ixen 
inditrated, and as will ap|xrar more iMirticnlaiiy afterwards, the gre^iter 
[mrtion of the appliances in use separate particles under conditions of 
hindere<l falling, and Ixfore the ecpial falling regime has become 
established, and can hence sepunitc i^irticles of unetiual density when 
these should not In? se[mrable according to the laws of ecjual falling. 
A sieve senile <»f two, or at times even more, may theiofore lx? used with 
perfect confidence in most cast's. 

The real difticiilties incident to 8ej)arating lie essentially in the 
operation of crushing anil are refemble to the priKluction {a) of slimes, 
and (h) of middlings. ^ 

(a) When a complex mineral mass is crushed small enough to 
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isolate the different individuals of which it is composed, which is the 
indispensable preliminary to separating, a ceitain portion is always 
‘unawidably crushed finer than necessary, producing more or less 
material so finely divided as not to obey the usual laws of settling— 
which, as already stated, is known as slimes ; a good many types of 
machinery have lx3en devised for treating these slimes, but so far none 
can be said to have attained complete success; they mostly deixjnd 
upon the principle of caiAing the material to settle by agitation in very 
thin sheets of water. It is hence impoi*tant to select crushing nnubinery 
that yields a gniniilar product and that makes as little very fine i)owder 
as possible ; w hence the need of avoiding machines that act by abrasion 
if the product is to be treated by these methods of sei)aration. 

(h) When such a complex mineral is crushed, not only are the indi- 
vidual species isolated from each other, but a certaiii number of imrticles 
will always l)e produced, consisting partly of the lighter and partly of 
the heavier mineral, and having therefore a specific gravity intermediate 
betw een the two. Such particles will necessarily behave just like particles 
of some individual mineral of the same specific gi’avity as the (composite 
particle, and it is impossible to dress sucii composite particles except by 
(‘nishnig them again so as to lilwrate the individual constituent jMirts. 
As the position occupied in dressing operations by a particle of given 
size depends oidy on its specific gravity, nothing is gained by repeated 
dressing o|)crations applied to the same |Mirticlc, and Prof. Jlichard’s^ 
dictum “once middlings always middlings'’ necessjirily holds good, 
always provided that these are “true” middlings, due to the presence 
of both mineral individuals in the same j)article ; in practice “ false ” 
ipiddlings are sometimes met with, due to some imjxjrfection in the 
dressing operatipn. These latter can be sepamted by repeating the 
same dressing operation, and to these the al)ove statement does not 

Accordingly in treating a complex mineral, although it conttiin only 
two constituents, it is necessary to provide for three classes of products, 
namely, the mineral of higher density, that of lower density, and the 
middlings, the latter class having afterwards to be crushed down until it 
has been split up into its constituents ; this crushing is necessarily 
accomimnied by the production of slimes and consecjuently entails loss. 
The best practice w ill therefore be to do as little crushing as possible ; 
this is accomplished by the method of “gradual reduction,” which consists 
in first crushing the mineral to such a s^ as will liberate the coarsest 
1 Amer. InM. Min. Eng. VoL xxn. p. 700. 
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iiidividual jarticlcM [>ro«ent, Hcreeniiij? out thin coarser size, dressing it, 
and crushing the iniddliiigH finer, the same i)eing done with each successive 
size of [Mirticles. Here iiowever it must be insisted that the operations 
to l)e employed in any given case de|)end essentially upon the commercial 
values of the pnMliicts. The theoretically l>est method of separation is 
not tlie one that must necesstirily l)e employed, but rather the method 
that gives the best economic results. Hence iwocesses that arc to l)e 
highly recommended for valuable Inidies likV* tin ores or gold ores 
would Ih‘ utterly out «»f place for cheap materials like coal or iron ores. 
It is this im[K>rPint consideration that renders it imfK)ssibIe to dmw up 
any scientific classificjition of dressing methods, and that causes the 
wime process to la* used in one (rase as a preliminary, and in another 
iis a finishing— jarrhaps as the only— process. 

A rough classification of wet dressing protresses is as follows : 

Processes that submit minerals to the action (jf 

A . Water currents that are in the main veiticral and in one direction : 

1. Preliminary : Spitzkasten, Spitzlntte. 

2. Finishing : Syjdion wjisher, Hobinson washer. 

B, Water currents that are in the nuiin vertical and in alternately 
optK)site directions : 

Jigs. 

Water curirnts that are in the main horizontid : 

1, Preliminary : Huddles, tyes, sluices. 

2. Finishing : Trough wtisheiu 

/>. Wator currents in thin sheets : 

Frames, tables, blanket strakes, etc. 

h. W liter currents in thin sheets, aided by ext/Crnal impulses : ‘ 

Shaking tables, Vanners. 

Of Kr(mi)s, AJ), ami Care uiisuited to the treatment of alimes, 
which can Iw treated by applianws of the tyiR-s I> and E, some of those 
includml under tyiR' I) lR>ing slime machines par exceUence. 



CHAPTER VI. 

AP1»LIANCE8 I)EPENI)IN(3 ESSENTIALLY ON 
VERTICAL FALL 

These aiipliances may be sepamted into two groiijis, the first 
embracing such as are used for preliminary treatment of crushed 
mineral, the second such as are used for final dressing. 

A. Appliances fok pkeliminary treatment. 

This is only applied to particles of mineral so fine as to present 
difficulties in sizing, and therefore very often to the undersize from 
the finest mesh of a set of trommels or other sieving appliances ; 
it treats partic^les that are usually less than ^ inch (1 millimeter), 
but is exceptionally used for particles up to inch (I*r> millimeters) 
in diameter. Its object is to divide the mass of mineral particles 
into groiijis of [iractically e([ual falling particles, each of which groups 
is to lie subsequently submitted to suitable dressing operations. 
This process of separating into eipial falling groujis is liest spoken 
of as eUmificatiim (Cennan Sortirmig), whilst an eipial-falling group 
jna} be descrilwd as a dam. Cenerally the pulp, consisting of 
})articles suspended in water, after passing through the finest screen^ 
flows to the classifying a[)pliaiiccs, three or four classes being usually 
made the .reaping water contains then only the finest slimes which 
are allowed to settle fis completely as jxKssible in such simple devices 
as slime pits, labyrinths, etc. 

The appliances used in classifying are the spitzkasten, called also 
V l)ox or pointed lx)x, the spitzlutte and various modifications, which 
latter refer entirely to details of construction and not at all to essentials, 
these latter remaining just as they were when first designed by Bergrath 
von Rittinger. 

Spitzkasten. A spitzkasten in ite simplest fonn consists of an 
inverted pyTamidal box rectangular in plan, and having an aperture 
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at the ai)ex. If a Htreain of pulp be allowed to flow slowly in at one 
side of this l)ox as indicated in the dia^ramniatic section, Fig. 185, at A, 
and flow out again at /i, it will follow approximately tlie diret^ion 
indicated by tlic arrows and will dcfK)sit in the#lM)x all the particles 
aijmble of falling through the licit of moving water ol maximum depth 
C7>, during the jieriod that the pulj) occupies in flowing horizontally 
from A to li. Hie cltiss of particles dejMisited in the box will depend 
therefore u|Hm the depth of the belt of moving water which is partly con- 
trolled by the diflerence in height lietween the inflow and outflow levels, 
and partly liy the time occaipied by the pulp in flowing along the box, 
whi(;h latter element again is controlled by the length of the box and its 

breadth for a given bulk of pulp, 
and by the speed of the inflowing 
current. Hittinger jirefcrs that the 
inflow and outflow shall be on 
exactly the same level, and Pro- 
fessor Richards^ has shewn experi- 
menbilly that this opinion is sound, 
and the latter has furthermore 
shewn that the angle of the in- 
flowing jmlp should not exceed 
o'" tn the horizontiil. Ills in- 
teresting investigJition shews that in all cases eddies are set up and 
that currents exist in the s[>itzkasten other than those indicated in the 
almve tlKH)reti(!al diagram, and that these currents carry down material 
finer than that which should normally settle in the box, so that it is 
impossible to produce (;omplete classification. The spitzkasten gives 
however an approximate classification and is still a good deal used on 
mxHumt of it>i cheapness and simplicity. The conditions under which 
it does sjitisfactory work havt* lH*en determined from purely empirical 
data. It may Ix' |)ointed out that although the mineral to lx* classified 
is brought in by a horizontiil stream of water, the sepamtion takes 
pla(‘e under conditions of vertical falling, so that the appliance projierly 
belongs to the grouj) now under consideration. 

It is usual to arrange a series of such |H>inted boxes, each being so 
much wider and longer than the previous one as to give a distinctly 
difterent class of product Usually there are three or four such boxes 
in seriex Rittinger’s rule is that the first box shall have a width of 
foot for every cubic foot of jmlp flowing into it per minute and a 
• Amfr. InH. MifK Bng. xxxii. p. 249; Ore Premng, Vol. i. p. 434. 
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IHjtxmni of urtiou of SpitzkiiKteii. 
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length of about 6 feet ; the subsequent boxes have widths i|grea»ing in 
geometrical progression with a ratio of 2, whilst the lengths increase in 
ariyimetical progression by 3 feet at a time. Thus the dimensions of a 
set of four boxes to treat 20 cubic feet of pulp per minute would be on 
this principle : 

I. II. III. IV. 

Length 6' 9' 12' 15' 

Breadtji ...2' 4' 8' 16' 

Linkenbach recommends that for each 10 cubic feet of pulp [ler 
minute, the first box should have a width of 25*5 inches and a length of 
about 12 feet, successive boxes increasing in width in geometrical pro- 
gression with a ratio of 1*5, and in length in arithmetical progression by 
A feet at a time. A set of four boxes to treat 20 cubic feet of pulp jier 
minute would therefore have the following dimensions *. 


I. 

11. 

III. 

IV. 

Length 12' 

16' 

20' 

24' 

Breadth ...4' 6" 

6' 6" 

9' 9" 

14' 8" 


lie points out however that when much water is drawn ott‘ with the 
sands the rate of flow is diminishe<l by this circumstance, and that under 
these conditions notably smaller dimensions ctyi lie employed than those 
given by his formula. 

The sides of the box must have slopes of not less than 50 to the 
horizontal, in order that none of the sands may be deposited upon them; 
the lower portion of the box is therefore made in the shape of a square 
pyramid having the reciuired angle, the shorter sides continuing at this 
slope, whilst the larger sides are nuide vertical as soon as they have 
reached the desired width. A baffle board should be placed across each 
box, dipping about an inch below the water level to prevent any 
particles being carried straight across to the overflow. Tlie overflow 
may be 3 to (> inches lielow the intake ; both should lie acxiurately 
horizontal, and the latter is liest furnished with “pins'* so as to give a 
uniform siqiply to all jmrts of the box. For the largest sizes the boxes 
would necessarily have to he very deeji if the minimum angle of 50“ is 
to be maintained ; this objection is often got over by making them 
double or treble pointed, so that the lower portion consists of two or 
three equal scpiare pyramids having the desired slope. If the last box 
would otherwise be of unwieldy dimensions the pulp may be divided 
equally amongst two (or more) boxes each having only one half (or a 
proportionate fraction) of the width that would lie necessary according 
to the formula. 
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The’CtaHMifled HaniL* are drawn uff at the apex ; if thw lie provided 
with a mmple aiMjrture, the wiiiclH will Ihj (lilute<l with an excesnive 
aniotint of water, owing to the very coimidenihle hydroHt^itic hea^l pro- 
duced by the depth of water in the box, indeHH the ai)erture be very 
Btnall, in which <*a«e there ia danger of its l)ec<nning Htoi)j)ed np too 
readily. TIuh objection in avoided by either fnrniHhing the outlet with 
a valve gfiU^ which in ordy (H)ened from time to time when a conniderable 
amount of Hand will have accumulated (which may l)e done auto- 
matically, e.g. by the Ayton Intennittent Extractor, manufactured by 
the AIHh (’ImlmerH (b.), or else, and more usually, by means of a 
Hyphon tiip. This consists of a pi|)e leading from the afK\v upwards to 
any desired height ; the nite of flow of tlie [mlp from tliis pipe is 
regulated l)y the de[)th of the tlischarge l>elow the level of the water in 
the Ik)X, being less of course in proportion as this depth diminishes. 
The piiKJH are HUppIie<l with plugs to enable them to Ik‘ cleaned out 
readily and any accidental sto[)|)age removed. 

The pulp going to the first spitzkasten usually ciirries from 1 1 to 
21 llw. of sands to tlie cubic foot. 

Fig. 1H() shews the simplest fonn of spitzkasten on the llittinger 
system, as used at an Austnilian mine, built entirely of wood, a pattern 
that is often adopted with but little if any modification, as it is easily 
and chefvjdy built, can Ik? erected and reiMiired by any mine carpenter, 
and if proi^rly looked after will last in good order for 10 years or more. 

The spitzkasten shewn in Fig. lOfi is cai>able of treating i ton of 
material iK*r hour, or 7 cubic feet of pulj) |H;r minute ; No. 1 box is a 
very small one, intended only to catch specially coarse fiugments, that 
ought not really to find their way into the jnilp at all. The spigots are 
formed of short pieces of Ij inch iron pijK to which a piece of india- 
rublK*r hose pi|K’ is attached, the end of which can Ikj mised or lowered 
to regulate the n|khm 1 of outflow of the classified pulp. 

A more modern form designed by Messrs Fraser and Chalmers, Ltd., 
but shewing the same essential f(>rm of construction with adjusbible 
quadmnt spigots, is shewn in Fig. 1H7. 

Oc'imsionally these Ikjxch are built of sheet iron and may then Ik? 
either pyramidal or conical ; it must be remembered that when the 
minerals contain much pyrites, acids may l>e generated by the oxidation 
of these substances when finely crushed, and under these conditions iron 
l)oxes are apt to Ik rapidly corroded 

It is now very usual to work ^ntzkasten with an additional upward 
current of clear water, sometimes spoken of as “ hydraulic ” water. This 
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if done by bringifi^ » vertical water pipe within 2 or 3 inches 
of the lK>ttotu of each Ik)x, either inside or from the ontside of 
the i)ox, all these piiHJs bein^; connected with a water main, and 
eatrh having: its own stop valve, by which the flow of water can be 
reigiilated By this means (as ex[)lained on p. 223) a sharper classi- 
fication can Ik) produced, the upward current being so adjusted that 



only the reipiia'^l class of mineral gniin can drop past it, whilst it also 
washes oft any very fine sHiues that might adhere to the larger grains. 
Thesi* spitxkastens are more often made in the form of a continuously 
widening trough divided into com|)artments by transverse partitions, 
eacli compartment running out ladow' into a pyramidal form. Jacom^try 
and Lentque s cast iron classifier’^ Fig. ihb, is of this type, as also is the 
* Or« md Miningy ('. JVevo Foster, itU edn. 1901, p. 587. 
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iitm/iiually deep baffle board, S, whilst the shield placed just above the 
nozKio of the clear water iulet is also a notable improvement This 
chiHHifier cxjnsists of a trough 9 to 18 feet in length, widening gradually 
from alK>ut 8 inches at the feed end to 1^ inches^ at the delivery end, 
and set at a gradient of about 1 in 8 ; in the trough are from 3 to 5 
(usually 4) wedge shafKjd depressions usually alwuit lii inches deep, 
and 18 inches to 2 feet wide at their upper end ; these act like a 
Hpitxkasten and each rtHiciv'es an ells^w jafKi, which supplies it with 
hydmulic water, the jiipes l>eing alxmt 1 inch in diameter. The position 
of the Iwiffle Isiards als>ve the ends of these pipes is adjustfible. ( Ipposite 
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tho .‘lids of tlio piptw in ii Himptc spigot from whidi the concentrated • 
pr(Kluct8 arc disctmrgtsl AcMionling to Professor Hicliards' tliis classifier, 
working on A im'h stoun-stamp stuff, will treat On to 05 tons in 24 hours' 
with a water consumption of '(«• to (too gallons per ton of ore, and 
yielding appmximately 


from the tii’st Ik)X 

„ „ second „ 

„ ,. thin] „ 

„ „ fourth „ 

overflow 


20 tons 
12 „ 

h »» y per 24 hours. 


There are a laige number of very similar classifiers in use in the 
' Ort Drmmg, Vol. i. p. 392. 





Browne hydronietric classifier. Plan, side and end elevations. 


240 The Dremng of Minerals 

liike Bii[jerior diHtrict. f^rof. Richards has brought out an improved 
form known as Richanis’ .Shallow Pocket claKsifier, in which the hydraulic 
water is intriKluced through a cone which forms the bottom of each of 
the depresHioiiH, the hydraulic water entering the^cone tangentially, so 
at* to riMc uj) with a swirling motion and thus effect a l)etter separation 
of the slower- from the faster-fiilliiig material. The capacity of this 
apidiance apfiejirs to Ik? alM)ut the stiine as that of the (’alumet classifier. 
The Browne Ilydrometric classifier is a spitzkfi^ten with an upward flow 
of hydraulic water, the sejMirati* Inixes btung cones of earthenware or 
<K'casionally of iron. It is shewn in P'ig. 190 as manufactured by 
Messrs Praser and ( 'halmers, Ltd., but may Ik* made with either 3 or 
4 cones. The manufjicturei*s recommend one of these aj)pliances to 
every 10 liead of stamps, or sjiy to treat 00 tons in 24 liours, the material 
lieing crushed to fwiss als)Ut a .00 mesh screen. 

LinkenUich recommends as suitable dimensions for a spitzkasten with 
hydraulic water a breadth of H inches for each 10 cubic feet of pulp 
j)er minute for the fir’st box, this Ik)x to have a length of 20 inches, 
whilst the lengths and breadths of successive boxes are to l>e 1 J times 
the preceding ones. Thus to treat 20 cubic feet of pulp j)er minute a 
set of three Isixes would have the following dimensions : 

1. 11. HI. 

L(*n^ili 1' 8" 2' ()" 0' D" 

Hrea»lth ...1' 4" 2' JI' 

Kach box will then reipiire an amount of hydraulic water ecjual to 
O’.'l of the volume of the pulp, delivered umler a pressure equivalent to 
a head of alK)Ut 12 feet. 

At Schemnitz, Hungary, 20 tons are passed in 24 houi-s through a 
spitzkasten plant consisting of fi)ur boxes, using hydraulic water, of the* 
following dimensions ; 



I. 

n. 

III. 

IV. 


... 6' 

9' 

12' 

ir/ 

nrortdth . 

.. 2 ' r 

r/ 

8' 

ir/ 

Depth 


(V 

8' 

10' 


The typical Spltilutte consists of a Ik)x in the sha{)e of an inverted 
triangular iirisni, within which is set a similar, but smaller box, the 
fKisition of which is cjapjible of acyustment A variable 8[)ace is thus left 
between the inner wall of the outer Imx and the outside of the inner 
box ; pull) admitted at A in the diagrammatic section (Fig. 191), passes 
down one limb of the V-sha])ed channel left bt^tween the two boxes, 
and overflows at li, any materiaf^ the ultimate falling velocity of which 



emntmUy mVerHtM^aU'. 

exceeds the upward velocity of the current in the second liml» colic, ting 
in the apex of the box, whence it is drawn off as in the tttee of the 
spitzkasten. The effective depth of water in which the lall takes place 
being greater than in the spitzkasten, separation takes place more com- 
pletely in accordance with the laws of equal-falling particles. The 
arrangements for drawing off the classified particles from the apex of 
the box are the same as in the spitzkasten, and, as in the latter, a jet of 



Fig. 192. Wooden Hpitzlutto. 
Plan, olevutiou and Hectiona 


clear water (“hydraulic” water) may also be introduced at the apex. 
This appliance will work on thicker pulp than the spitzkasten and 
is also capable of more thorough a^ustment, because in addition 
to varying the quantity and degree of dilution of the entering pulp 
and the quantity of clear water as in the spitzkasten, the width of the 
channel is also capable of regulation. A set of spitzlutten can there- 
fore be all of the same size, the difference in the fineness of the 

16 
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Fig. I US. Inm 8|»iUiuttc. ^Stwlionul elevation and j>er>*pcctive. 
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classified sands being produced by the varying positions o4the inner 
box. The spitzlutte is perhaps more largely employed m modern 
.yractice than the spitzkasten ; a simple wooden form is shewn in 
Fig. 192, and an impijoved form as made by the Grusonwerk (Wpany, 
is sliewn in section and in perspective in Fig. 193, the entire plant being 
here made of iron. 



Single machines working on the principle of the spitzlutte are used 
for the purpose of getting a classified material for further treatment. 
Among these may be named the Colorado claiiifier described by 
H. E. Armitage\ It consists, as shewn in Fig. 194, of tMo inverted sheet 

* Trmis. Amer. Imt. Min. Eng.y “Concentration of Ixiw Grade Ore,” by 11. E. 
Amiitage, Vol. xriiL 1887, p. 257. • 
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iron cones suspended one inside the otlier. Tlic pulp to be ctoified runs 
into the inner cone, whence it escajws through the perforations B near 
its apex and meets an upward current of clear w'ater from the pipt^ ‘f 
the finer slimes are carried up between the conci^aiid escape at cc into 
the circular trough EE' and thence through the sjK)iit F > The coarser 
mineral falls into the hopi>cr A and is drawn off as required through the 
valve (m. 

The Hancock^ cloiiifler used at the IVl 4 )onta mines in Australia 
and others is very similar in construction and mode of action. It consists 
of an inverted cone » feet high and » feet in diameter at the top ; there 
is a vertical shaft in the centre making about 20 revolutions per minute 
to which are keyed [»addles 0 inches wide, and of such a length as to 
leave a 0 inch cleamnce iHJtween them and the sides of the cone. At 
the apex of the cone a small stream of clear water under i)ressiire is 
intHKluced. Tlu‘re is an outlet valve at the bottom and others are fixed 
up the side of the c(»ne at intervals of 0 to H inches apart, from which 
pulp of different degrees of fineness am Ikj discharged as required. 
This machine will classify al>out It5 cubic feet of ordinary pulp {)er 
minute. 

Another similar machine is the classifier used at the Frongoch mine, 
Cardiganshire'^. 

B, Appliances for Final Treatment. 

1’hcse are genenilly applied to coarser material than the previous 
group; the jiroducts may occasionally l)e subjected to further treatment, 
but the object is not that of classifying mineral, as in the appliances 
just considered, into a numlwr of classes, each of which is to be furthdV 
treat<}d, but to sejmmte the mass of mineral into two classes, one 
worthless, |lie other valuable, one at least of which therefore requires 
no further treatment, the oiKTation Ixjing in this sense a final one. 
Among these machines may Ikj mentioned the Robinson coal washer, 
the “syphon'* washer (»f the Mecheniich mine, and the diamond washing 
pan. 

Th® Robinfon coal washer in genei’al arrangement is very like 
the machines last describtHl It is shewn in Fig. 195. It consists of a 
sheet iron cone placed aiiex downwards, in the axis of which revolves 

* on ironr of Gold in the Reduction qf Aut'iferom Veimiuff in 
Ftclorwi, i)y By KA)stilo8, p. «L t 

* Or$ and Stme C. liO Neve Foster, 4th ecin. p. 588. 
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a Terti(»l shaft carrying four arms, to which stirrers are attached The 
lower end of the coue is closed by double sliding doors worked by 
levers ; the upj)er door is open and the lower one closed when* the 
washer is at work. Round the lower part of tht cone is an annular 
pipe, {Mjrforated on the inside so that jets of water rise up from 
it all rouml into the cone, lliis pifKJ is fed from a water tank situated 
some no feet alK)ve the level of the washer. The small coal (which has 
jmssed through a screen of alwiut J ii»ch mesh)*is fed into a hopiKjr, from 
which it runs into the washer through a shoot with a sliding gate, by 
means of which the nite of supply is regidated Water from the high- 
level tiink is run into the cone, and the small coal is carried round in 
the water which is kept iti swirling motion by the revolving stirrer; 
it tends to sink, but is carried upwards by the ascending water currents 
from the annular pii)e, so that only particles of heavier minerals (shale 
and pyrites) aui sink down into the spjice l)etween the two sliding gates 
at the Iwttom of the coiie. The coal makes about three-fourths of a 
complete revolution sus|K*nded in the water, and is then discharged at 
the overflow over a tine screen, on which it is draiiH^l from most of the 
accomimnying water ; the latter runs into a settling pit, whence it is 
pum|K‘d uj) again by a pulsometer into the high level tank, ^fhc coal 
dro|)s into waggons and is sent to the coke ovens ; the finer slimes 
are Heiwnitcd out in the settling pits. When the space Ixjtwecn the 
two sliding gjite^ is nearly filled with shale and pyrites a small car 
is wheeled into |M)sition l>elow the cone, the upper gate is closed and 
the lower one ofKjned, thus allowing the heavier minenils to drop into 
the car, by means of which they are wheeled away to the waste duinj). 
The lower gtitc is again closed and the up|>er one o|)ened, and tlK^". 
operation continues as laTore. The water circulates continuously, a 
Huflicient amount Iniing added to make up for loss. 

The general armugement of a single-washer plant is shewn in 
Fig. 190, in which O is the washer, the vertical shaft of which is worked 
by the engine A'. The dirt falls into the chaml)er L at the bottom 
of the washer, and can be drop|)ed thence into the waggon M. The 
small coal is supplied from a stomge hop[)er, and runs through the shoot 
E into the washer. Tlie wushed ciml is dischargeii through the spout H, 
the l>ottoni of which is finely pcrfomted, into the hopper J, and thence as 
required into the waggon N, The water that drains from this washed 
coal collects in the tank /, whence the pulsometer F pumps it through 
the pipe D into the cistern Ay jvhich is fitted with an overflow pipe C, 
whilst the pipe B takes the water down to the washer. 
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One man and one or two lads can attend to one of these machines, 
which can treat 150 to 200 tons per day. 

At the South Derwent colliery one of these washers treats 180 tons 
of small coal per day. The coal contains 10 to 11 per cent, of ash, 
which is reduced by washing to 4 to 5 per cent., the sulphur present 
being also diminished by i per cent. 

At the Barrow colliery, near Barnsley, a Robinson washer treats 
24 to 28 tons per hour ;*it takes out dirt equal to 8 to 10 per cent, of 



the total weight of small coal treated. The cost of crushing and wash- 
ing is 2id. per ton, and it is said that “the coal being reduced to 
a uniform size, previous to washing, the Robinson machine gives fairly 
satisfactory results ■ 

A still simpler form of coal washer was that designed by M. Dor 
at Ampsin^, shewn in Fig. 197, which gave only moderate results, 

^ TAe Min. Imt. of Scotland.^ “Report of Committee on Coal Cleaning,” Vol xi. 

p. 162 

2 Ann, des Mines (Paris), “Preparation m^Anique des minerais de Plomb, etc.,” by 
A. Henry, Ser. 6, Vol xix. 1871, p. 362. 
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and at the same time had but a small capacity, namely 4 tons in 
10 hours. 




Fig. 198. Mechernich syphon washer. Plan and sectional elevations. 


The so-called Syphon-washer^ {EeherwaBche), used at the lead 
luines of Mechernich, is shewn in Fig. 198, its principle depending, 

^ Ann. deg Mineg (Paris), “Preparation m6canique des minerals de Plomb, etc.,” by 
A. Henry, Sen 6, Vol. xu. 1871, p. 364. 
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in spite of its name, in no wise on that of the syphon. As will be seen, 
these machines are worked in pairs, consisting of two quite identical 
machines. The crushed ore {Knotten-Sandstein), consisting of sand- 
stone with small nodular concretions of galena, forming about per 
cent, of the whole, is introduced in a current of water through the 
pipe a ; it falls in the cylindrical body and meets an ascending stream 
of hydraulic water, which is introduced through the pipe 6, and ascends 
through the meshes of the stout conical sieve D that forms the false 
bottom of the cylindrical body. The heavy particles of impure galena 
fall against the ascending current and accumulate in the lower chamber 

whence they are emptied out from time to time by depressing the 
lever P, which opens the lower plughole A, the upper plughole A' being 
at the same time closed to prevent the water escaping from the main 
body of the apparatus, and its regular working being thus interfered 
with. The overflow from the first machine passes through the spout c 
into the second, the action of which is identical ; the overflow from the 
second through the spout c is barren sand and runs to waste. It is said 
that these machines could treat 1500 to 1600 tons of crushed ore in 
24 hours, with however a very heavy water consumption amounting to 
about 280 cubic feet of water per minute. 

This apparatus has been improved by Mr Osterspey, who has added 
a very ingenious arrangement for making the intermittent discharge 
automatic. The self-discharging syphon- washer ” is shewn in Fig. 
199’ ; it; is rectangular in plan and is made of boiler plate, being carried 
upon a pair of steel girders ; B is the main body of the appliance in which 
separation takes place, the crushed ore being brought in by a stream of 
prater at (r, and the overflow taking place at the opposite side. The 
hydraulic water enters the main body, as before, through the perforated 
conical bottom />, the large central opening in which is closed by a plug 
attached to a rod e. This rod is worked by a lever h, pivoted at i, the 
other ijnd bung carried by a rod / attached to a float S ; the position 
of h on the rod /is adjustable. The hydraulic water enters through the 
pipe a into a rear chamber E communicating with B as shewn. The 
upper part of this chamber E is divided into a front closed portion 
into which the hydraulic water enters, whilst the back portion C is only 
closed by the float 8, 

The mode of action is as follows: the pulp of crushed ore enters the 
body By where it meets the rising stream of water, which carries up the 
lighter portions that escape with the oijtflowing stream of water. The 
^ Berg. u. HiUt Ztg. 1886, p. 476. 
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heavier particles of ore sink and accumulate on the perforated bottom h. 
In proportion as they accumulate they choke the perforations in &, and 
thus bank back the hydraulic water in C ; the float 8 is thus lifted, and 
this in turn, by means of the combination of levers shewn in Fig. 199, 
lifts the plug, and allows the accumulated ore to escape through the 
pipe q into the trough r. The level of the water in C rapidly falls, the 
float 8 sinks with it and again presses the plug into the central 
aperture of h ; the flrst* condition of affairs is thus restored, and the 
operation goes on as before. These machines are arranged in series, 
usually of three. Each machine has an hourly capacity of 12 to 14 
tons of material crushed below J inch, with a water consumption equal 
to 26 cubic feet of water per minute. 

The Rotary Diamond Washer is used for washing the weathered 
blue ground of the Kimberley mines; the blue ground is washed by 
a stream of water into a trommel, about 2 to 3 feet in diameter and 
6 to 8 feet long, with wire gauze or perforated sheet iron mantle, the 
mesh being 1 to IJ inches. The oversize from the trommel, known as 
cylinder lumps,” is returned for further weathering ; the pulp passes 
to the Rotary washing machine, shewn in Fig. 200. This consists 
of an annular pan, the outer diameter of which is 12 to 18 feet 
and the inner diameter about 6 to 10 feet, the width of the annular 
pan being thus 3 to 4 feet. The outer rim is 12 to 24 inches 
high, the inner rim 6 to 8 inches. The centre of the open inner 
space is occupied by a vertical shaft carrying 10 radial arms, each 
of which is fitted with 6 to 7 knives or teeth, set vertically down- 
awards, their points coming within about \ inch of the bottom of 
the pan; they are arranged in a spiral so that when the shaft is 
rotated (at about 10 revolutions per minute) the teeth tend to carry 
everything towards the outer circumference of the pan. The pulp 
enters the pan through a slot in the outer rim and escapes over a 
depression in the inner rim ; usually the escaping pulp flows into 
a second similar machine, and thence into the tailings pit. The tailings 
are raised by elevators of various kinds to the top of heaps some 30 feet 
high, where the semi-solid mud is deposited, whilst the muddy water, 
screened off from it, runs back to the trommels. The heavier portion 
of the mineral contents, including the diamonds, remains on the bottom 
of the pan, whence it is removed every day for further treatment 
Each such machine treats about 300 tops of blue ground in the 10 hour 
shift, the concentrated mineral amounting to about 3 tons. A plant. 






Fig. 200. Rotary diamond washer. Plan, elevation and section. 


consisting trommel, Itwo'pans 
and an eleyator, takes about 
an 8 Norn. H.P. engine (say 
24 LH.P.) to work it. 

This washing machine is 
thus a separator of the ordinary 
type, the most noteworthy 
point about it being the use 
of thick muddy water instead 
of clear. It has to effect the 
separation of minerals not 
differing greatly from each 
other in specific gravity, and 
it has already been shewn how 
small differences of density 
can be accentuated by tlie use 
of fluids of higher specific 
gravity than water ; the finely 
divided mud suspended in 
water practically acts as a 
fluid of increased specific 
gravity, and thus promotes the 
separation of minerals which 
could only be effected with 
difficulty in clear water. 

The tossing kieve or dolly- 
tub is an appliance that should 
be classed here ; the former is 
the name given to it in Corn- 
wall, the latter in the north of 
England and Wales. It is 
used for cleaning the concen- 
trates produced by the buddies 
(see pp. 293 to 299) in the treat- 
ment of both tin and lead ores. 
In its simplest form it consists 
of a stout tub, usually about 
3 feet high and 3 feet in 
diameter, strongly hooped with 
« iron. The tub being about 
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tfaree-4u»>w.d full’bf water, one man shovels in gradually the “heads” 
to be cleaned, whilst another keeps the contents in circular motion 
by stirring with a long-handled shovel. When the tub is about half bill 
of mineral, the first man strikes a succession of blows upon the side 
of the tub, usually by means of a heavy bar of iron, the lower end 
of which rests on tlie ground. As soon as this tapping commences the 



Fig. 201. Mechanical dolly-tub. Plan, vertical section and elevation. 


other workman leaves off stirring and withdraws his shovel, the tapping 
being steadily continued. Under this jarring action the material settles 
rapidly, the clean heavy mineral at the bottom, with a layer of the 
lighter sands on top. The upper layers are scraped off with a suitable 
scraper, a trowel being often used, and the concentrated mineral in the 
bottom of the tub can then be shovelled out. 

In Cornwall the first nortioS of the above operation is known as 
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“tossing,” and the second as “packing”; when performed, as it some- 
times is, with a tub lying at an angle and not standing upright, the 
operation is called “chimming.” 

Mechanical dolly-tubs are at times used in which the stirring or the 
packing or both are performed by machinery. A good form is shewn in 
Fig. 201 \ as used in California. It consists of a tub, 2 feet 6 inches deep, 
3 feet in diameter at the bottom and 4 feet at the top. Up the centre 
runs a 3 inch cast iron pjpe, within which revolves a vertical spindle 
driven by bevil spur gearing as shewn ; to the top a yoke can be keyed 
carrying stirrers ; this can easily be disconnected and hoisted out of the 
tub when the period of packing commences. Two trip hammers are 
made to act upon opposite sides of the tub, being caused to strike a 
sharp blow by means of the weights attached to tlie horizontal arms 
of the bell-crank levers, the vertical arms of which carry the hammer 
heads. The hammers are tripped by means of two pins set in the face 
of one of the spur wheels. During the period of stirring, wedges are 
pushed ill between the shafts of the hammers and the sides of the tub, 
which lift the ends of the levers clear of the pins. Tlie shaft is made to 
revolve 43 times per minute. There are several modifications of this 
arrangement in use, but dolly-tubs arc now but little used. 


Engineering, A[>ril 2211(1, 1881, p. 404. 



CHAPTER Vll. 


JIGS. 

In the appliances classed as Jigs^ particles of inineral are subjected 
to alteiTiately ascending and descending vertical currents of water, each 
acting for a very brief period; in practice intervals of rest generally 
occur between successive impulses, but this fact in no wise affects the 
mode of action of the apparatus. Assuming two equal-falling particles 
of different specific gravities to be placed upon a screen, the mesh of the 
latter being smaller than the diameter of the particles, and, further, 
allowing these particles to be subjected to an upward moving current 
of water, the velocity of which is superior to the ultimate falling velocity 
of the particles, it is evident that both particles will be lifted. It has 
already been shewn (p. 223) that under these conditions both particles 
will ultimately attain the same ascending velocity, but that at the outset 
the specifically lighter of the two particles will be lifted the faster. If 
the current is interrupted and reversed before the regime of equal 
velocity is established, the former particle will be above the latter. If 
these same two particles are submitted to a descending current, the 
specifically heavier particle will commence to fall the more rapidly, 
hence the action of the descending water current will reinforce that of 
the ascending current, provided that the action of each is continued for 
only a brief period of time. If instead of only two particles a large 
number of particles of both kinds were placed upon the screen and 
submitted to similar water currents, the final result would obviously be 
to produce two layers, a lower layer of the specifically heavier and an 
upper layer of the specifically lighter particles. This action would be 
further intensified by the fact that the heavier particles, being the 
smaller of the two, can slip through interstices bftween the particles 
through which the specifically lighter could not pass, and are thus able 

to descend with greater ease and so to reach the bottom, even more 

^ , ♦ 

^ In the North of England Jigs are sometimes called hotching machines ; Jigs used 
for washing coal are often called bash^ 
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rapidly than is due to their higher Ming velocitiea These considerations 
explain the well-known feet that in practice it is easy to separate equal- 
Ming particles by jigging, and that successfiil jigging can be done on 
particles of different sizes when the proportion of the largest to the 
smallest exceeds greatly the sieve ratio that would be deduced from 
the laws of equal-felling (see p. 220), and affords a typical example of 
the effects due to hindered falling. If the diameter of the particles be 
less than the mesh of the sieve, the particles will be able to pass through 
it, and if the action were continued long enough, all the particles might 
pass through it, unless the alternations of the currents were too rapid to 
admit of the lighter particles ever reaching the surface of the sieve In 
any case it would be possible to stop the operation after the heavier 
particles had passed through, and if the surface of the sieve were 
covered by a layer of particles too large to pass through the meshes 
of the sieve, this effect would be accentuated, and it would obviously 
be easy so to arrange matte« that all the heavier particles could pass 
through this layer of larger particles (known in practice as the “bed”) 
and all the lighter particles remain above it This method of jigging 
with a sieve of larger mesh than the diameter of the particles has some- 
ftmes been called the English system of jigging, and sometimes the 
Harz system. The two methods may be distinguished by the respective 
p rases jigging through the sieve” and “jigging over the sieve.” The 
ormer method is usually applied to finer material, the latter to coarser 
so much so that the German terms for jigs working on the respective 
principles correspond to “sand jigs ” and “coarse grain jigs.” The limit 
for Jigging through the sieve is in some cases, however, as high as | inch. 
It the appliance be so arranged that a series of particles stream across 
such a screening surface, and are during their passage submitted to a 
jigpiig action. It is possible to so proportion the conditions that the 
period of flow across is just sufficient to allow the heavy material to pass 
through the sieve, whilst the lighter ones would simply flow over it 
The alternating water currents may be produced in two ways 
either by moving a sieve up and down in a tank of water, or by 
having a sieve fixed in a tank, the water being caused to rise and 
fell by means of the reciprocating action of a piston or by some 
similar device. The former was the older method and continued in use 
or TOntunes, until the fixed sieve jig was introduced in Cornwall by 
Upton Pethenck about the year 1830>. The tank in which the sieye 
« placed IS known as the “huteh,” and apy mineral that accumulates in 
^ Tram, Imt C, E. Vol. xxx. 1869 - 70 , p. 125 . 
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it is culled “hutchwork.'* Either the fixed or the movable sieve may be 
eniploywl by jig^ciiif? either through or over the sieve. Tlie mineral to be 
jigged is usually brought on to the screen Hus[)ended in water, so ^ to 
form a pulfr, in addition hydraulic water is usually supplied either over 
the sieve or into the hutch ; in the former case the dowiward action 
of the water current, or the action of suction, as it is tenned by 
Prof. Ilichards, in the latter cjise the upward action (Prof. Richards’ 
pulsion) is usually intensified. In the latter case the particles of mineral 
on the sieve are kept in a looser condition, or are livelier, and more 
retwlily acted u|M)n by the water currents. These water currents also 
play in many cases an iiujwrtant part in transporting the particles of 
the lighkr mineral (more rarely the heavier) horizontally over the sieve 
and thus cunying tliem out of the Jig, and, as already shew n, the rate of 
flow of such a current determines the time during which the mineral is 
exfiosed to tlie jigging action, and thus caii k' made to modify the 
results [jnsluced by any given jig. 

A notable improvement wjis made by M. Herard akmt 11150, in jigs 
Jised for wtwhing coal, by fitting the sieves with movable gates, sA that 
waste and concentrates can k* continuously discharged in any desired 
[)roiK)rtions. In coal washing it will Ik? noted that the lighter jx>rtion, 
usually H|M>ken of as the waste when ores are jigged, is really the valu- 
able fs)rtion, namely, the clean coal, whilst the heavier concentrates 
constitute the useless dirt, shale and pyrites, which it is desired to get 
ri<l of. A still greiiter im[)rovement consisted of combining several 
individual jigs into one comismnd jig, two-, three-, four-, and fivc- 
i*omj)artment jigs kdng used, though the first and last are rare. These 
jigs aixi so arranged that the whole of the waste from the first jig passes 
on to the second, the wiwte from the second on to the third, and so on 
until the clean waste is discharged from the last jig. The first jig takes 
out the heaviest concentrates, either through the sieve or over it from 
a suitably armnged discharge. The concentrate made by each individual 
jig is always the heaviest imrtion of the pulp supplied to it, so that a 
series of c^oncentrates of gradually decreasing specific gravity can be 
pwMluced. A comimund jig (with fixed sieves) thus arranged is often 
HiH>keii of as a Harz* jig, owing to its having l)een first introduced in 
Clausthai 

’ l*wf. lUcbiirdM ill hi« JDrmittg (Vol i. ji, ft 07 ) re«trict« the tenn Harz jig to 
jazton jig» m here dencriiiod, in which “a nlunger receives its up and down motion from 
an eccentric revolving at a unifom n*te,” and states that this is the definition commonly 
accejiled in the United StaUm of America. 
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It will l)e noticed that the conditions of jigging can be varied through 
a very wide range, and that these appliances can accordingly be ai^justed 
witli very great delicacy. 

The following conditions all influence the mode of action of a jig: 

1. The (piantity of material treated, its density, its size, and the 
ratio l)etween the dimensions of the largest and smallest [mrticles (i.e. 
the sieve-scale according to which it has l>een sized). 

'I The water supply, both as regards the proj>ortion of water in 
the pulp, and the amount of hydraulic water, and the {xunt of its 
introduction. 

The rate of the oscillations of the water current and the ampli- 
tude of such oscillations; also the mode in which these oscillations are 
produced, whether with a fixed or a movable sieve. 

4. The relative s|)eeds of the upwards and downwards currents in 
each oscillation. 

Whether jigging is i)crformed over the sieve or through the 
sieve: in the latter case, the depth of the l)ed, and the nature and 
size of the particles com{M)sing it. 

Both the sj)eed of the oscillations and their amjditude may be varied 
w ithin vide limits in the first place, and in the second place their character 
may lx* altered, inasmuch as the upward and downward movement may 
lM)th l)e iKjrfonned at the siime rate of speed, or one— usually the up- 
ward movement— may Ixj made the more rapid of the two, thus making 
the period of suction longer than that of pulsion. According to Prof. 
Richards^ suction is more efficient than jmlsion in jigging unsized 
material, whilst pulsion is more efficient than suction in treating closely 
sized products. According to G. G. firing^ the ascending current is the 
more eftective in coarse-grain jigs, and the descending in fine-sand jigs ; 
he holds that the l)ed in the latter class acts as a series of narrow 
channels in which the ascending and descending currents move. The 
vast ncijorit) of jigs in ordinaiy use employ a uniform velocity for 
lK)th upward and downward impulses. Tlie finer the material that is being 
jigged, the shorter and the more rapid must the alternations of current 
be, for the obvious reason that the finer the particles the sooner is the 
equal-falling regime attained. The following table of these data is com- 
piled from Linkenbach’s well-known work; it applies especially to the 
trcfitment of lead and zinc ores in a gangue of quartz and schist, but 
may fairly Ik; taken as generally applicable; it refers, as will be seen, 
to jigging over the sieve. 

* Ore Dresnmi, Vol l p 0.^1. 

* Jem-Kontoret» Amakr^ ** ExperimenUdla stadier dfver slttniaskin^ verkniug- 
uatt,” by GmI G. Bring, 1906, p. 321. 
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♦ Tliese data apply to a compound jig comprising thrc?e sieves; the capacity and water consumption of a single jig will be 
about the same as tliose given above, because the same pulp flows successively over each of the three sieves (see p. 258 ), but the 
horse-power required for a single jig will only be one-third to one-half of the figure given in the table. 
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The following table shews the proportions I’oconwnended by Mr 
Thomas Sopwith^ on very similar ores, but representing considerably 
older, practice: 


1 Diameter of 

1 particles 

Number of 
oscillations 
per minute 


inches 

• 

inches 

liwts. 

0*4 -0*28 

96 

n 

244 

! 0*28-0*2 i 

86 

2 

220 

1 0*2 -0*1 i 

84 

li 

112 

1 0*1 -0*06 i 

82 

1 

71 


(’ommans^ has given a table, bised apimrently on that of Linkenlwch, 
as follows : 


1 

Size of j 
particles I 


1 inchoH 
' M8-1-77 
I 0-79--M8 
I 0*r)l-0'79 
! (h‘U--0-61 


Length of 
stroke 


inches 

i 8-94 
: 2*86-816 
1*97-2*86 
1*67-1*97 


Number of 
strokes per 
minute 


100-110 
110-120 
110-120 
110-120 
120-140 
120-140 ; 
140-180 I 
140-1H0 I 


0 * 12 - 0*20 

0*08-0*12 

0*06-0*08 


18- 1*57 
79-1*18 
69-0*79 

19- 0*59 


lie Htfites that in jigging over the sieve, the mesh for the finer sizes 
siionld be a size or two smaller than that of the particles, and for sizes 
alx>ve 0*3 inch, the sieve holes may l)e half the diameter of the particles. 
He gives the power required for a three-com[)artment jig treating the 
finer sizes as 1 h.p. and coarser sizes H h.p., and the water consumption 
for suck a jig m about 30 to 40 gallons per minute ; he states that the 
ca^iacity of an ordinary jig with sieve 2 feet 6 inches to 3 feet long and 
IH to 20 inches wide is: 

20 —80 cwt. for sizes between 0*51 and 0*79 inch diameter 
15-20 „ „ 0*12 „ 0*51 

10-15 „ „ 0*06 „ 0*12 „ 


^ Proc. ln$t. C. K, “The Dressing of Lead Ores,” by Tliomas 8oi>with, junior, 
Vol. XXX. p. 106. 

* Proc. Imt. a E. 1893-4, VoL cxvi. 
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Prof. IlichardH* gives elaborate tables whicli shew that the s|)eed of 
jigs in America cofisiderably exceeds the figures given above. Tlie 
following table is compiled from his data: 


Diameter of 

Average 
number of 

Average 
depth of 
oscillation 

particleH 

«)Hcill8tions 
|)er minute 

incliOH 


mches 

2‘.5 : 

129 

2*6 

1-2:)- (HW 

131 

2*0 

0-6.H 0-ai ■ 

144 

1*4 

O-Jll 0i() ! 

176 

0*9 

016 O-OH 

23.5 

0*.5.5 

0-08 - 0-04 ' 

2.50 

0*48 

Below 0*04 , 

2H1 

0*19 


The following table shews the practice of E. Ferraris^ at Montepoiii, 
Sardinia 


Diameter of 
particle H 

Number 
of oscil- 
lationH 
per 

minute 

Length of 
piston stroke 

Horse- 

power 

required 

Quantity 
treated per 
10 hour 
shift 

Mesh of 
sieve 

Clear I 
water con- j 
sumption 
per minute 

inohfH 


inches 


tons 

inches 

gallons 

3*1 1 

0*8 -1*2 

100 

1*6 -2*0 

1*2.5 


0*4 

0*55-0*8 

110 

i 1*4-1*8 

1*1 

4*.5 

: 0*32 I 

! 22 1 

0*4 -0*55 ! 

120 1 

1 1*2- 1*6 1 

1*0 

4 

I 0*24 1 

16*5 ' 

0*28-0*4 1 

12.5 

1 0*8- 1*4 

1*5 i 

.3 

1 0*4 i 

1 

0*2 -0*28 i 

130 

! 0*8 -1*2 

1*5 1 

3 

1 0*82 1 

10 ' 

0*14-0*2 i 

150 

0*6- 0*9 


3 

! 0*24 

8*75 : 

0*08-0*14 

180 

: 0*0~0*8 

1*,5 

3 

1 0*16 

8*7.5 i 

! 


The fii’st three jigs in this table are two-compartment jigs, each 
sieve being 18 by 30 inches ; the other four are five-compartment jigs, 
eadi sieve being 18 by 20 inches ; the former work over the sieve, the 
latter through the sieve, the l)ed consisting of iron discs (the waste from 
punching machines), the diameter of which is about 50 per cent, greater 
than that of the holes in the sieves. The ores treated are lead and zinc 
ores. 

Modem jigging practice is fairly represented by the diagram, 
Fig. 202, which represents the author's average practice, and may be 
taken as generally applicable, and from which the data rec^uired may be 
readily scaled off. 

‘ Ore Dremng^,\ ol r, pp. 593-595. 
j., * Trant. Amer, Inel Min. Eng. 1908, p. 363. 

-4 
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Jigs may be used on material ranging in size from 3 inches dowii to 
Ot)l inch. 

\Vhen jigging through the sieve, the mesh of the sieve must, of 
course, be considerably greater than the diameter of the particles tliat 
have to pass through it ; the material of which the bed is composed, its 
specific gravity, and the size of the particles, as also the depth of bed, 
are very important The material must evidently not he too soft or it 



Fig. 20*2. Diagnira of jigging pnictice. 

will suffer from abrasion ; it must be considerably heavier than the waste 
to effect a good separation, and is often of the same material as the 
concentrates, aa then anything abraded off it goes into the hutchwork 
and does no harm. Thus in dressing galena the same mineral is often 
used for the bed; iron pyrites is often used for a bed; lead shot, iron 
punchings, and cast iron shot have also been used. All these answer 
well, but metallic iron is apt to rust when the jigs are idle, especially 
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when sulphuretted ores are lieing dressed In jigging fine coal through 
the sieve a bed of cleaved pieces of felsjmr is almost always used ; this is 
fairly liard and of a suitable specific gravity, as being considei^bly 
heavier than clean coal, but its special advantage lies in the shape of the 
fragments. Felsiiar cleaves into pieces of the cross-section shewn at 
oIhxI, Fig. 203, in which XY represents the sieve surface upon 
which the piece of felspar is lying. Under the influence of ascending 
water currents, indicated by the arrows, the piece of felspar will tend to 
turn aliout the edge a into the position indicated by the dotted lines 
al/e'd\ and when the current is reversed, it will tend to drop back into 
its original position. These pieces of felspar thus act like valves, alter- 
nately ojicning to the ascending water cuirent and closing when the 
current descends; they thus allow pieces of shale, [lyrites, etc. to drop 
through, but prevent any coal finding its way through the sieve. Tlie 



pieces of felspar range from J inch to 4 inches in length, and must have 
an area alwiit 5(i \m cent greater than the mesh of the screen upon 
which they rest The pieces of felspar can lie kept in use until the 
edges get rounded oft’ by abrasion, when they must ha replaced. The 
larger pieces can lie broken down to a smaller size, but when the 
smallest size is worn round it must be thrown away. Tlie life of a 
felspar bed under ordinary circumstances may be averaged at about 
six weeks; the best felspar for this purpose is obtained from Norway. 

The hand-jig is the original type of jigging machine ; in its simplest 
form, as a sieve jerked up and down in a tub of water, it was in use 
as far back as the 16th century as shewn by the (}uaint wood-cut, 
rejiroduced from the well-known work of Agricola, which fonns the 
fixiutispiece to tiiis b(K)k. Hie lever-worked hand-jig is still in use 
to some extent, a modem form being sliewn in Fig. 204\ whilst the 

* Proc, In ft. lieeh, Eng. 1873, PL 07. 
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mode of using the appliance is clearly shewn in Fig. 205*. The sieve, 
which is rectangular and usually about 3 feet 6 inches to 4 feet long 
by 1 foot 6 inches to 2 feet wide, and 9 inches to 12 inches deep, is 
suspended in a wooden hutch from a lever or “break-staff”; this is 
put in motion by means of a longer lover, the connection between the 
two being made by means of a stout iron pin which passes through a 
slot in the break-staff, and has a collar attached above and below the 
latter, the space betweey the two collars being several inches greater 
than the depth of the break-staff. Tins arrangement causes the sieve 




Fig, 204. Hand jig. Flan and vertical section. 


to be lowered into the hutch quite smoothly, but lifted with a sharp 
jerk 'ihen it commences to rise, and gives an interval of rest between 
successive strokes. The hutch is kept filled with water; it usually 
receives a small stream of water from a tap, and an oveiflow is arranged, 
so that the level of water remains constant. Care should be taken 
that the overflow is led into a settling tank or slime pit, as it usually 
carries fine mineral matter in suspension. The sieve is usually made 
of stout wire gauze supported upon a grid of iron bars running 
across the box, parallel with its shorter side, to stiffen and support 
the wire gauze ; the mesh is usually i to i inch, but rarely exceeds 


* Proc. Imt. a E. VoL xvii. PI. 7. 
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I jnch. The labourer (now usually a lad) shovels the crushed ore 
to be treated into the sieve to a depth of about 6 ♦or 8 inches, 
and then works the sieve up and down in the water by means of 
the long lever. For coarser material the operation of jigging is 
complete in ^ to 2 minutes, for finer in 2 to 4 minutes, the speed 
in the foniier case being about 60 strokes and in the latter about 
120 strokes per minute. The end of the lever is then kept up, usually 
by setting a prop under the end, at such height as to keep the sieve out 
of the water. The upper layer is then scraped off by means of a 
triangular piece of sheet iron or a short-handled hoe and thrown aside 
as waste. More ore is then thrown in and the process repeated until 
the worker judges that a sufficient (juantity of concentrate has 



accumulated upon the sieve. After throwing out the top layer of 
waste, he then removes the next layer of middlings and puts it aside 
for re-treatment, and finally scraiies out the lower layer of concentrates, 
nie hutchwork that accumulates, due either to imperfect sizing or 
to abrasion on the jig, is emptied out from time to time, usually once 
a week. It is generally clean enough to be classed as concentrates. 
The average capacity of such a jig may be taken at about 5 cwt per 
hour per square foot of screen surface. One man or lad is required to 
each machine, so that the working cost is high, although the first cost is 
low. Such hand-jigs ai-e now only used in dressing the ore from very 
small mines, in prospecting operations, or in cleaning up odd parcels 
at larger works; they have almost gone out of use for other 
purposes. 
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In Germany, hand~jigs are also made by suspending a sieve in 
a hutch from an elastic spring-pole, the worker taking hold of the 
bar or rope by which the sieve is hung to work it up and down ; 
the sieve and hutch are then often circular in plan. The jigging action' 
thus produced is probably not so well adapted to its purpose as that 
obtained by means of the break-staff but it is not such hard work for 
the labourer. In Germany, the method of jigging through the sieve is 
employed at times with ^and sievea 

Movable sieves arc at times worked by power instead of by hand ; 
in most of these the concentrate is jigged through the sieve, whilst 



the iMlingF are discharged over the sieve. La over a gate suitably 
placed, a stream of wafer being employed to keep the latter in 
motion. 

A very efficient machine of this type is the machine shewn in 
Figs. 206 to 208, as designed by 0. Bilharz^; a single jig is shewn 
in Fig. 206, and a group of four units in Fig. 207. Each unit 
consists of a pyramidal iron hutch in the prismatic upper part of which 
works a sieve, which, as shewn in the plan. Fig. 207, tapers gradually 

1 Oe»t. Zeitickf. Berg, u. ffutten-Jresen^^Ueher Feinkom- und Sclilamm- Auf- 
bereitung, etc.,” by 0. Bilharz, 1890, p. 213. 
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f«)ra the feed to the diHchaixe end The sieve is suspended by two 
Ixiws fmm a yoke driven by an eccentric on a short overhead shaft, 
the iipjxjr ends of the Iwws beinjf prolonj^ed in the form of inverted 
Y's, iiie toil |)iea‘s of which fonn guides which constrain the sieve 
to move vertically up and down. The sieve is {jacked externally with 
leather like a piston, so that no water can csca{K) between it and the 
sides of the hutch, hiach sieve is funuslied Mith a gate and discharge 
shoot, by means of which the overflow fron^ etich sieve is conveyed 
to the next (or in the wise of the hwt sieve of the series is allowed 


{p-J J fr;! i Ij [r-J 1 i 1 [r;^- -i Ci 



Fig. ’20T. ( mmp of liillmrz jigs. Plan ami elevation. 


to run to waste). The sieves carry a suiUible Ijcd, the machine Ijcing* 
inteiuUxl for jigging through the sieve. The concentrates accumulate 
in the jjyramidal iron hutches ; each hutch is divided into two by a 
transverse [jartition, so that if desired two ({ualities of hutchwork may 
be drawn off. Tlie discharge for the Imtch work is continuous and 
consists of a bent u{) im\ {lijje, so that but little water is delivered with 
the concentrates. The machine makes 220 strxjkes per minute, 0*2 inch 
in height Tins arrangement presents the advantage of ready portability, 
each unit being com|)Iete in itself, and it is easy to add or take 
away units as re<tuir©d. Tliis machine is made by the Grusonwerk 
Company of Magdelmrg, a perspective view of whose three-compartment 
jig is shewn in Fig. 20a Each section of this jig weiglis 815 lbs. 
and eoste about £30. • 
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A two-compartiueiit Felspar Washer for small coal with mo^^ble 
sieve is shewn in Fig. 209, as built by Messrs Sheppard & Sons, Ltd, As 
will be seen, its principle is practically identical with the machines last 
described, but it differs in matters of debiil. The sieves are 8us[)ended 
from either end of a rocking lever and thus Imlance each other. Tlie 
hutches are of cast iron and are furnished with screw conveyors lying 
in the semicircular Ixjttoin, by which the refuse is continually removed ; 
the washed coal escaiKJs ^it the outlet Tins machine working at IHO to 



Fig. 208. Group of Billiarz jig«. Fer«|>ective. 


190 one-(juarter-inch strokes })er minute, and using a felspar bed 4 to 
6 in* lies deop, washes about 2j to 3 tons })er hour of fine coal, which has 
previously passed through a trommel with ]i inch mesh. 

The Schraax Jig, specially intended for treating very fine ore or 
slimes, has an exceptionally long sieve ; it is said to give satisfactory 
results. 

A still larger machine is Haaoock’s patent Jigger I used at 
the Moonta Copper Mines, South Australia, and some few other 
Australian Mines. A view of this machine is shewn in Fig. 210. 

^ Report m th Lou qfGold in the Reduction Awiferm Veinett^f in Fictork, 
by H. Rosales, 1895, p. 60. 


Fii^SUIt Himouckjig. Bide etevatlon. 
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The sieve is 20 feet in length by 3 feet 2 inches wide, and it 
IS suspended in a hutch about 6 feet deep which is divided bv tmns- 
partitions into 6 or 7 compartments; the crashed cornier ore 
IS delivered on to the head of the sieve and is jigged through the 
«cvc the bed consisting of hard haematite. The cleanest ore collects 
in the first compartment, and progressively poorer material in the 




% 211. Bilham circular jig. Flan, elevation and vertical aectioin 


following onea IVaste is discharged at the end, where coarse middlings 
we also discharged over the sieve, and go into a separate receiver, 
the sieve has a combined up and down and forward motion, so that 
the waste can be moved along it with the use of comparatively little 
^rnter : the threw is about | inch. The capacity of such a jig is about 
/ i tons of crushed ore per hour. It has been tried also in America, but 
does not seem to have met with much livonr there. 
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The Bilhari^ circular jig is nhewn in Fig. 21 1, in plan, eleTation and 
vertical aection; it conaista of an annular sieve working in a conical 
hutch, tlic centre of which ia occupied by a tube through which ,the 
waste flowH ofl*. The weight of the sieve ia balanced by a weight 
auapeuded in the central tube. The hutch which ia thus also annular 



in plan is divided radially into aix coiniMirtmenta, the sieve being 
divided into a correM|K>nding number of aectiona. Tlie feed ia round 
the outer circumference, jigging takes place through the bed, and the 
tailings flow out through the central tube ; the machine does not make 
middlings. The aieve makes 2(H) to 220 strokes 0*2 inch high per 

* OiiflWT. Zfittch,/. B, u. Feinkom- vl Bchlaoun- AuflxMtuug, 

etc.,” by 0. Bilban, 1890, p. 2ia 
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minute. Such ii machine can tretit alwut 12 toiw of finely criwhed ore, 
the corresponding volume of pulp amounting to 1000 cubic feet irt hour, 
producing alx)ut 12 i)er cent, of concentrates. 

A very similar mjw,‘hinc is the Conkllng jig' used for concentrating 
magnetite at Chateaugjiy, N. Y., shewn in plan and vertical section in 
Fig. 212. It consists of an annular sieve about 4 feet in diameter, working 
in a circular tank ; the sieve is given an up and down motion by means of 
the long wooden lever actuated by a cam wheel, whilst the sieve is at 
the sjiine time caused toVvolve slowly around its axis by the la^vel 
gearing shewn. sieve is made of cast iron plates J inch thick, 
the liolcs being conical, inch in diameter above, and inch at the 
hover face ; jigging takes [dfice through the screen, a laal of ore of nut 
size being used. Hydraulic water entei’s the hutch l>elow the sieve. 
The ore crushed to | inch mesh is brought on to the sieve ; the tailings 
escajw through a central pipe, and the concentrates accumuhite in the 
hutcJi whence tlao air romoveil by bucket elevators. The sieve makes 
2t)t) J'inch strokes, having a slow up and ia (piick down motion ; it 
makes also 7 revolutions |H*r minute. The capacity of the machine 
is'f) tons per hour, and the water consumption 1IF> gallons [ler 
minute. 

Neither of tluNc circular jigs has come into extensivi‘ use. 

Jigs with fixed sieves constitute by far the most generally adopted 
form, so much so that when the term jig is used without special 
(pialifical* 0 . 1 , this type is always meant. The motion of the water is 
produced in various ways, but in the great majority of instamtes by the 
reciprocation of a piston in a compartment placed by the side of that 
carrying the sieve, so that tlie general construction is that indicated in the 
diagram. Fig. - Id, which shews a generalised vertiail section ; A liiJDE is 
the hutch, the ujiiier iK>rtion of which is prismatic, the lower [nirt l)eing 
either prismatic, semicylindrical or [)ynimidal. The hutch is divided 
longitudmally ' to two compartments by the division HI, which only 
extends |)art-» ay down so as to leave an ample spjicc for communication 
between the tM'o comj>artments IkjIow the division HI. In the Iwick 
comiiartment, which is sometimes the smaller, hut also often of 
the same size as the other, works the piston KL attached to a 
piston hkI which in tuni is connected to suitable driving mechanism. 
Tlie motion is usually produced by an eccentric, a double-disc 
eccentric, by means of which the length of throw c.an be varied, 

‘ Atmr. hut. Min. Eng., “Ojuceiitniting Magnetite with the Coiiklitig Jig,” by 
F. H. Ruttmaim, Vol. xvl 1888, p, 609. * 


I.. 
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being often UHcd ; KoinetiineH a crank and link are uned, this being a 
well-kn(»wn incchanicul combination tor giving a slow upward and 
quick downward motion. Several other methods ot actuating the pjstoii 
are used, but are nire. The front comiMirtment contoins the sieve FG. 
The tJiilingH or lighter portions of the jigged material (waste in the case 
of ore, (dean coal in the case of coal) escape ovei* the weir or gate ab, 
the lieiglit of which alM»ve tlie sieve is usually adjustable, and in some 
ciises the widtli also. The weir may l)e either at the side or at the 
front of the hutch, ladjjg always at the side*opp(»site to that at which 
the material is fed on t(( the sieve. Tlie sieve may exceptionally slope 
slightly fi'<un the fi‘ed side towards the discharge weir, but oidy when 
very coarse stutf is kdng jigged, and m‘ver in jigging through the sieve. 



Fig. Piugraiii of construction of jig with fixed sieve. 

Wheii this metluMl of working is adopted, tlu' concentrates accumulate 
in the hutch and tv gate, as at ,7. is provided from which they can l>e 
drawn off intermitU.‘ntly or ctmtinuouslx. In jigging over the sieve 
there must jdso Ik* a similar gtvte, as a certain amount of hutchwort 
always forms and has to Ih' removed from time to time. With the 
latter system of jigging, the concentrates mtvy either be discharged 
through a gate alnwe the sieve, tvs at nl, the height and width of which 
aa* atbustable, or else a pi|R* is [vrovided as indiwited by the dotted 
lines ( . which o|K.‘ns fnun the centre of the sieve, and through which 
the concentrates are dmwn off continuously or intermittently. Several 
diffeanit forms of discharge are in use, some l)eing arniiiged for taking 
off sevend different [>n»ducts at different levels alvove the sieve. It 
jseeiHH tv> make very little, if any difference, at what imint on the sieve 
the conetuit rail's jire drawn off, as they move very freely over its surface, 
being in the state of quicksand or acting almost like a li(|ui(L A water 
supply, sufficient U> make up" the loss of water discharged with the 



various products, has to be provided ; a very usual jwaition for it is 
indicated at h ; it is soinetiiues provided with valves o|)ening inwards 
into the hutch. 

When these* are arnui^fed tis multiple-conipartinent jigs, each 
sieve is placed at a slightly lower level than that of the [m’eding one, 
and the discharge weir of each sieve l>ecoines the feed shoot of the 
next, each coni|>artinent Uking out one particular gnide t)f con- 
centraU*, as shewn e.g. ift Fig. ‘217. 

I hitches may l>e made either of woial, sluH*-t iron or cast iron. 
The former is light, cheap, easy to erect, but liable to decay ; wrought 
iron is strong and duniblc exce|>t in treating ores containing easily 
decomjiosable sulphides, ('jist iron makes a stnmg but very heavy 
hutch. Wooden hutches have either straight sides, or else the lower part 
is lu‘mispherical. lK‘ing built of barrel-like staves, helri togethi'r by iron 
straps furnished with tightening Isdts. Wrought iron hutches in tlie 
same way may have either straight sides or la* rounded Iwlow. ('ast 
iron hutches are usually pyj*amidal. Tlu* pynimidal shajM.* is esjiecially 
convenient in jigging through the lied, as tlie hutchwork is readily 
drawn off from the apex of the pyramid. Sieves are made either of 
wire giiuzi* or of jamched {dates, the former being best suited for the 
finei’, the latter for the coarser sizes. Hniss wire may be used for the 
finest sizes, otherwise steel w ire is jireferable exccjit for ores that carry 
easily di eonqiosable sid{diides, which yvhen standing would yield 
suflicient sulfdiuric acid to ccirrode the iron ; under the same circum- 
stances, sheet co|)|Ka’ may Ik* used instead of steel {dates. The sieves 
must lie secured to a wooden or iron frame; to {irevent their l>eing 
buckled or uiirst by the yveight u{)on them they must Ihj su{){M)rted 
by a grid of wooden <fr iron liars; these lull’s are liest V-sha[)ed in cross- 
section, so as to of){M)sc the minimum of resistance to the flow of the 
water Very fine wire sieves may also with advantage U; supported 
u{K)n a strong sieve of coarser mesh. The size of the sieves varies from 
2 to .‘ij feet by 1^ to 2^ feet for ore, up to alsiut a fec^t by d feet for 
coal ; they are usually {datted 1 fcmt to 4 feet lielow the top of the 
hutch. The u{)fx.‘r {Mirtion of the hutch almve the sieve should lie lined 
with Isuirds J inch to 1 inch thick to prevent undue wear of the sides 
by the ipoving mass of mineral. Hie piston is usually built up of 
planks of hard wikkI such as oak or elm, bolted together and strapped 
with iron alxive and lielow, the piston rod going through it and lieing 
secured by a nut or a cotter. Ixmg pittons, say over 3 feet in length, 
should have two roda The piston slioild be hung at about the same 
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height as the sieve or a little lower at half stroke ; it should never 
rise clear of the water in the hutch, so as to avoid violent shocka The 
piston is practically never tight fitting, but works with about \ inch to 
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Pig. 214. Bingie coiii{Mrtniont jig. Plan, longitudinal aitd traiisverse sections. 


i inch clearance all round ; the compartment in which it works should 
be lined with boards that can easily be renewed. The division between 
the piston and the sieve comp(«tment8 should be of such denth as to 
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equalise the asoending currents of water over the area of the sieve ; its 
depth is usually 7 inches to 12 inches, being deeper the wider the sieve. 
Th^ area of the piston is usually equal to that of the sieve, and is 
best made so ; in a few special constructions the piston area is only 
half the sieve area, but this plan is not to be recommended for ordinary 
Harz sieves. 

A typical single compartment jig\ jigging over the sieve and making 
three products, clean org, middlings (called “chats" in the North of 
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Fig. 215. ghepjMird nut cool washer. Vertical section. 

England, “raggings" in Cornwall) and waste (known as “cuttings" in 
the North of England) is shewn in Fig. 214. This fonn is rather out 
of date but illustrates well the principle of discharging two grades of 
products through weirs above the siev& This machine is worked with 
a quick downward and slow upward stroke of the piston, by means of 
the mechanism already referred to. 

Fig. 215 shews a jig of the same type as built by Messrs Sheppard 
and Sons, Ltd. for washing coarse coal ; nut and pea coals, screened 
between 1} inches and | inch mesh, ar| washed on such a jig, duf coal, 
* [nd. C, £, “Tb© Dremuig of LeiMl Orei, jby T. Sopwith, Vol m. 1870, p 106. 



transverse sections. 
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screened through J inch menli, Ixjing wfwhed on felspar washers. The jij 
is built of cast iron, the piston also l)eing of iron ; it will be noticec 
that the stroke of the piston is guided so as to be truly vertical, the con 
necting rod being as shewn free to swing through a sufficient angle t( 
admit of this. The pistim can therefore Ije made tight fitting. The sievt 
is set on a sufficient slo|)e to help the coals to travel over it. The dir 
is delivered thnmgli an a(\just(ible gate, which is so ai’ranged as to allov 
it to drop into the main hutch, whence it isttlischarged together witl 
anything that may come through the sieve, by means of a screw con 



Fig. 218 . (Vntnil lik liargt'jig. PmiHwtivt*. 

veyor. The cleaii coal drops over a weir into an outer caac from which 
t w ak) removed by a screw conveyor, whilst the wpter flowing over 
the wir m drawn into tlie hutch again by means of valves situated in 
the^fwint wall of the hutch. The piston makes 60 to 70 strokes, 6 inches 
to / biches long, per minute, and at this rate each huMh can treat about 
5 tons of coal per hour. 

Another form of nut-washer, the gkoda machine, is shewn in 
tfig. 216 . In this the coal to be washed enters tlavug^ the amaii 

* LiOiprcicht, R »ii. 
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hopper shewn at J ; the dirt flows out Uirough adjustable gates on either 
side into troughs, ,, from which it is removed by chain scrapem, k The 
dischaiged over the:edge opjawite to that where the hopper is 
pM, and drops on to a small jigging screen, which delivers it 

.1 •''« «■''*'»•> "Wch « 

returned to the jig. 

F- ^ j'g' fof jifigi'ig over the sieve is shewn in 

tig. 217, the sieves being furnished witli central tube discharge. There 
IS also a plug to enable any hutchwork to be drawn ofl'. A per- 
spective view of a pair of jigs on this principle with cast iron hutches as 
made by the (iates Iron Works is shewn in Fig. 218. 

A typiial thrcc-compartment jig, as made by' Messrs Fraser and 
tlialmcrs, Ltd., for jigging through the sieve is shewn in Fig, 219, a per- 



ipcctive view of a similar machine being shewn in Fig. 220. This is 
a form of wooden jig that is very widely used. Another form that is also 
ui great favour being shewn in Fig. 221, which shews details of its 
contocuon. A machine upon quite the same principle but having a 
semicircular hutch-bottom is shewn in Fig. 222 as made by the Gruson- 
werk Co of Magdeburg. The construction, when iron plate is substituted 
or wood, IS represented by a two-comjiartment jig. Fig. 223. In the 
foraer style, the makers quote about £60, £7o and £90 for one-, two- 

Md three-compartment jigs respectively, the sieves being about 32 by 
19 inches. ' 

It will be seen that all the above jigs difer only in the less 
important details of construction, and that by combining in diflbrent 

8iri«lf«f Crashed Mineiwls,” by K. K Com- 
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ways the various arrangcincnte ahcvra, a large number of modifications 
would result 

The jig shewn in Fig. 224 is a Felspar Washer as used for small 
coals, made by Messrs Schuchtemiann and Kremer, Fig. 225 shewing 



Fig. 226 . .ligs with horiiontal piston, Sectional elevation and plan. 

a double washer of the same type by the same makers. The principles 
underlying this form of washer have already been discussed (p, 264), 
and a Rheppard felspar washer with i^ovaUe sieve has been shewn in 
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Fig. 200 ; it w however more unual to i)uil(l felHi)ar washers with fixed 
than with movable nieves, and the ordinary felspar washer is often built 
exJietiy like a two- or three-eompartment Harz jig shewn in FigSk 219 
to m. 

In Fig. 22(1 a set of four jigs is shewn, the pistons of which are 
arranged horizontally instead of vertically, one piston l)eijig thus sufficient 
for a [lair of sieves. This arrangement is compact and coinpamtively 
cheap, but suffers from tlie disadvantage that^ach sieve of the pair must 
lR^ worked at the wime piston speed and stroke ; moreover the piston is 



Kig. jig'i. Side elevation. 


apt U) l)e injured by fine mitieml matter suspended in the hutch M'ater, 
and is difficult of aa*ess for rejuiii's ; there is also a stuffing-lwx in the 
side of the hatch to kwp tight It will l>e noticed that the two com- 
pttrtments are alternately in pulsion and in suction, whereas in the 
ordinary Harz jig pulsion and suction may take place either simul- 
taneously, alternately, or at any other interval of time, as may be 
desiriML 'Flie piston is circular and is packed watertight, working in an 
iron cylinder. Such jigs are used (piite exceptionally in Missouri and 
in North Wales for dressing lead <»res. Their use is not extending. 

The jig known as the OoUom jig is shewn in Figs. 227, 227*, and 228, 
tlie fbnner showing a set of two j|iga in a wooden frame, whilst the latter 
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«hewH them on a light iron frame; these shew indepeiKleiit jigs 
built in flairs in one hutch with a piston comfuirtincnt between 
them. The latter is divided completely into two sepfirate halves, 
front and batik, one of which communicates with the sfiace lielow the 
right hand, tlie other with the sfuice below the left hand sieve. Tlie 
pistons are attfichetl to short vertical rods that terminate in heads with 
indianiblKT butters, btdow which are coiled powerful spiral sfirings, the 
compression of which can lie myiisted as desired. A T-shaped rocking 
piece is so placed alH>ve the heads of the pinion rods that each of them 
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is defiressed by it alternately, thus producing the downstroke of the 
piston, whilst th(‘ sjiring lifts the fiiston again, thus making the ufistroke. 
The piston has thus a rapid downstroke and a slower ujistroke. It will 
he noted that the fiiston area of these jigs is less in pro|)ortion than in 
the ordinary Ilarss jig, lieing only alxiut half the areji of the sieves. 

Oollom jigs are only in use in a few places, chiefly on Liike 
Superior for treating ores of native eojiper, also in Colorado, at 
Broken Hill N.S.\V., mid a feii? other places. It does not appear that 
k 


, Fig. 229. Baum jig. Vertical fMjction. 

Mr Taylor' has recently proposed working jigs by a vibro- 
motor instead of by an eccentric ; he seems to prefer to cause tbe entire 
* BvU. Imt. Min. M 0 t. dctober 1909. 
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hutch to move, making two Hides of the hutch of some flexible material, 
so that piilmtion of water through the sieve is produced by the motion 
of the hutch and attached sieve, the inertia of the water contained in 
the hutrii causing the latter to move diflerentially as compared to the 
former. He also claims the use of a swinging sieve actuated by a 
vibromotor. in either case he profioses to work at from 500 to 1500 
Htr(»keH f)cv minute, and states that he can jig successfully “the finest 
slimes that can lx? treated by any mechanical means.'’ This system has 
not yet undergone any actual practical tests.* 

The Baum Jig‘ is used fta* (;oal washing. It is shewn in section in 
Fig. 220. Here the pulsation of the 
water is produeed not by the motion 
(►f a piston, but by pufls of compressed 
air acting upon the surface of the water 
in a comi)artment by the side of that 
carrying the screen. Air at a pressure 
of 4 to 2 llw. i)er sq. inch is admitted 
in puffs by means of a valve driven by a 
small eccentric. In the machine shewn 
in the figure, jigging takes place over 
the screen, the dirt passing through a 
gate into the hutch whence it is removed 
by a screw conveyor. For coarse coal 
from 2 inches to inch, the valve makes 
50 to 70 strokes and for fine coal lielow 
inch, from 75 to 110 strokes jier 
minute. Baum keeps a deep layer of 
coal on his sieve and maintains that with 
his jig a fels{)ar bed is not required, 
the shale in the coal forming a sufficient 
lied. 

A convenient little jig for lalK)nitory tests made by Braun of 
Freilierg and worked by pufls of air may fitly be included here. As 
will be seen from the illustration it consists of an outer vessel of glass 
about 4 inches in diameter and 7 inches high. Into it fits an india- 
rublwr ring B/l through which j)a.sses a glass cylinder A open at l)oth 
ends, to the lower end of which sieves almut 2j inches in diameter, 
and of varying mesh as may be required, can be clamped. Through the 
indiarubber ring passes a brass tube C, which tenninates below in an 
* Tran$. Fed, rmt, Min, Eng, vn. [v. 15ft. 



Kig. '230. Bninn lalM)ni0»r>- 
huiul jig, Vortiml section. 
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annular tube with numerous small holes whilst its upper end is connected 
by a piece of indiarubber tube, with a hollow indiarubber pear>sha{>ed 
bulb some 4 inches in diameter, by alternately pressing and i*eleasing 
which, jets of air are made to issue into the upjKjr portion of the glass 
vessel through the perforations in the annular portion of the brass tube ; 
the variations in pressure thus produced, cause the water {)oured into the 
outer vessel to pulsate through the sieve. A small sample—say i lb. 
—of crushed mineral may conveniently be jigged in this little apimratus 
and the conditions for ^ccessful working thus determined. In the 
writer H laboratory this little instrument is always used for jigging 
through the sieve, a l)ed of leaden shot being employed. It is a useful 
little api)liance and can be recommended for jigging tests. 
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OHAFrER VIIL 

HOflIZOXTAL CURRKXT SEPARATORS. 

The action of a horizontal cun*ent of water in separating particles of 
different nltiniate falling velocities has already l>een exjdained ; it has 
iHjen shewn that such imrticles falling in ji horizontal or practically 
horizontal Hti*eani of water will reach the bottom of the stream at 
distonces from the ])oint of their introduction which will Ihj gi’eater in 
pro|K)rtion as their ultimate falling velocities are less. Tim sei>aration 
thus takes place entirely whilst the iMirticles are falling through 
the Ijody of the stream of water. It has however Imen also shewn 
that a sejMiration can Im eflected Imtween particles of different 
sjKscific gnivities if these are subjected to the action of a shallow 
stream of water, the friction of the isirticles against the solid surface 
over which the stream flows jdaying an im|M>rt}int part in this 
HCjianition. It is obvious that this latter condition necessjirilv prevails 
in the lower jKirtion of every stream of water, so that it is (juite possible 
for sejmrating action of the latter kind to take place in addition to that 
due R) the fonner principle. Acconlinglv we have to consider appliances 
acting by separation in a deep stream of water, those acting by separation 
in shallow streams, and an intennediate class in which lioth modes of 
action take place, x\lthough the two actions arc quite different in kind, 
yet they may take place to varying e.xRmts in appliances differing only 
in degree, that is to say, in depth of current, so that there is in practitm 
no sharj) dividing line between the two sets of appliances, although wc can 
(liutinguish easily Ix'tween apiiliana's at either end of the scale. Those 
working on the first-name<i principle alone are especially suitable for 
tlie treatment of larger {larticlex and coarse sands, whilst those working 
purely on the laat-named are esiamially adapted for fine sands and 
slinjes ; those that combine both j)rinciple« are not suitable for treating 
the last-named class. 

Appliances making use of a deep stream of water are usually 
employed only to e^ct a prellf^nary separation and have then to be 
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followed up by more accurately working appliances, but may at times be 
used for finishing operations, especially when the bodies to hd separated 
have widely different specific gravities. 

The typical appliance to be considered under this head is the 
Box Buddie or rectangular buddle, a very usual form of which is 
shewn in Fig. 231. It consists of a rectangular wooden box 10 to 15 feet 
long, 4 to 6 feet wide and 1 foot 6 inches to 2 feet 0 inches deep, set at a 
gradient, ranging from 4' t^ 10'’, the inclination Ixjing greater the coai'ser 
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Fig. 231. Box buddle. Plan and acctional elevation. 

the material to be treated. At the upper end there is a headboard set 
at a slope of i&f* to 20°, of the full width of the buddle and 15 inches to 
20 inches broad; it is furnished with a row of “pins,” these being 
diamond'shaped blocks of hard wood, about 2 inches by 1 inch, which 
can tom on a central pivot, thus varying the width of the passage 
Ijetwemi adjoining pins and providing a simple means of regulating the 
inflowing stream of pulp. By properly Rusting these pins it is easy to 
arrange that the stream |lowing over thi headboard shall be of uniform 
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depth right across the huddle. Above the headboard is a bo.v, tri- 
angular in cross-section, into which the material to be treated is 
shovelled by hand, whilst a stream of water plays iiixm it ; the labourer 
who shovels in the mineral keeps it stimd up with his shovel, although 
in some buddies a stirrer consisting of a short horizontal shaft studded 
with teeth and driven mechanically is employed, llie jailp flows into a 
sieve that arrests all lum|)s of stone, chiiw of wood, etc. that may have 
accidentally found their way into the cruslarl minenil. llie tailboard 



Fig. 23*2. Box hudillc. Plan und Hoctional olevatiun. 


of the buddle w pierced with two verti(!al rows of holes about 1 to 2 
inches ill diameter, fitted with plugs, and set at distances apart a little 
less than the diameters of the holes, the holes in the two rows alter- 
nating with eatdi other. By successively plugging these holes the level 
of discharge from the lower end of the buddle can thus be gradually 
raised. Across the lower part of the buddle lies a plank upon which 
stands a labourer armed with a long handled besom with which he 
continually sweeps up and levels the de|M)siting mass of mineral, so as 
to keep it smooth and to pr^ent channels from forming in it Two 
men are needed to each buddle ; one shovels in the mineral and 
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regulat^H the water supply and the pins on the headboard ; the other 
uses the teoin and puts the plugjjj into the taillK)ai*d as RMpiired. 
Another somewhat similar form of huddle is shewn in Fi^. whieh 
also indiciiteH how the appliance is worked. The pulp flows ovei* the 
headboard into the huddle, and in virtue of the principles alrtmdy 
explained, the heavier imrticles arc de|M)sitcHl close to the headlsjard, 
and the lighler ones further away from it alon^ the huddle ; the pluj^s 
are [)Ut in at the bottom sc^as always to keep a little sump of water at the 
bottom end. The sweeper swee|>H always from Iwlow upwards, drawing 
his br(H)m slowly from side to side. Tlie huddle is thus jjfmdually filled, 
the oiyemtion Ikmh^ comj>lete(l when it is alsmt one-half or two-tliirds 
full at the headboard end, and the plu^ are then ])ulled out to allow the 
nuiss of minend to drain. The mass is then divided into three sections 
(four are made excejjtionally) by the foreman, who usmilly marks them 
out with a sljovel. The top se(dion or “heads” is clean enough tor tlie 
next process, the middle section has to l>e huddled over aj^ain, whilst 
the lowest section consists of barren tailin^?H and can Ik? thrown away. 
The heads usually I'ccjuire further treatment, or they may only need 
“tossing” or “chimming” to ready for the market. Such a huddle 
takos ibout 1 cubic foot of pulp per minuU‘, containing alK>ut llw. of 
diy sjuids ; two men will work ott‘ four buddies,, each holding about 
3(1 cwt of mineral, in a 10 hour shift. Usually such buddies are worked 
in pairs, two men huddling in one, whilst two others empty the other, 
and s(» on alternately. This appliance is simple ifj the extreme and 
inexf>ensivc to construct and has no moving parts, but the lalK)ur cost 
is very high. It is accordingly practically obsolete, having l)cen 
replaced almost everywhere by the round huddle. 

The Round Buddie works on the sjune principle as the alM)ve ; its 
construction may be comiwred to that of a series of box buddies set 
radiallv so as t<> fonn a circular Imx ; if the hyijothetical 1 k)x buddies 
had their hc.ulboards at the centre, the convex huddle would result, if 
at the circumference, the concave huddle, Iwth forms being in use, 
though the fonner is the more extensively employed 

The Conyez Buddie is shewn in Fig. 233 It consists essentially 
of a w(K)den floor in the shape of a very obtuse cone, the angle to the 
horizontal lx?ing between 4° and 8“. It is usually built in a shallow 
circular pit about 18 inches deep, but is sometimes raised above the 
surface of the ground Its diameter ranges usually from 18 to 24 feet; 

» Proc. Intt. a R 1858, xvi. PL 6. 

* Pm. Imt. Meek Engmin, PL 41. 
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in exceptional ca«e8 buddies up to 50 feet in diameter have been built 
in ConiwalL In the middle stands a circular headboard 6 to 10 feet in 
diameter, sloping at a steeper pitch than the floor of the buddies the 
I(»wer edge of the hea<lbf)ard l)eing about 12 or 18 inches higher than 




1 ig. 233 . Round convex buddle. Plan and socUoual elevation. 


tlie conical floor. 11, e headboard may be furnished with regulating pina 
The pulp to be treated is conreyed to the centre of Uie headboard 
and is discharged upon it in varions waya In the buddle shewn it runs 
into a central cup, from whiclivit flows through a number of spouts 
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which arc slowly rotated so aa to produce a uniform stream ; in tliis ca«i^ 
no regulating pins are required In another form the pulp flows into a 
centi-al funnel, the lower jiortion of which is partly closed by an iron cone 
80 m to leave an annular space alwut 1 inch wide for the discharge of the 
puljx In the centre is a vertical sliaft driven by bevel gearing, to which 
are attached from two to six anns, which in their turn carry brushes 
to keep the surface of the deposited mineral smooth. These brushes ari‘ 
either long narrow iKJsomt^or are simply strijw of stout ainvas nailed to 
a narrow Iwani. These are suspended from cords wound rouiul rollers, 
so that they can gradually be raised as the level of the accumulating 
material rises. As the de[H)sit is gi-eatest close to the headboard, 
these brushes are occasionally mmle in two lengths, eiuih ca|»iblc of 



indejKMident af\iustment. This acyustment is usually jierformed by 
hand, though in some exceptional (mses the rollers are geared to the 
central [undh' and driven by it. Tlie anns make from 5 to 10 revolu- 
tions |>er minute. Such a huddle can take from 4 to 3 cubic feet of 
pulp r)er minute, carrying from 2H to 56 lbs. of dry sands r^er cubic foot 
of fuilp; there is, however, great variation in the rate of working of 
buddies, the filling of a buddle taking from 3 to 10 hours according to 
circumstances, and the buddle holding from 6 to 12 tons of mineral, 
llie excess of water flows off either all round the buddle or through 
a tnuigh at one side, the height of the overflow bein|; adjustable as in 
tlie rectangular buddle. In either case the water should pass to settling 
ints to allow any fine mineral in sitspen^on to be deposited When the 
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huddle in full, the (ronteiitN are divided into three parts by concentric 
circles, the heads ^^oin/j; /j^eiicmlly to the concave huddle for further 
defining, the uiiddlingH huddled over aj^'ain, and the tails l^ing 
looked uiM)n as barren wiiste. Buddies are usually built in sets; one 
man can look after HC)mc half-dozen of such ordinary convex buddies. 
The |M)wer consumption is very low, say alK)ut 0*1 H.P., and the cost of 
the appliame is hut small; it can usually l)e built by an ordinary mine 
(uir|)enter for an outlay of alM)ut £ 20 . ^ 

A small huddle, shewn in section in Fig. 234, of somewhat similar 
constniction, is in use in the Weardale district for treating lead ore, and 
is known as the Ring Buddie ; the conical wooden floor is surrounded 
hy a gutU^r alsuit 12 inches deep, in which rests a ring of stout sheet 
iron, m\ hh\ of diameter wpial to that of the huddle. This ring is 
Husf>cnde(l hy rods so connected with the driving gear that as the huddle 
fills the ring slowly rises and thus mises the level of the overflow. It 
will l)e seen that this huddle has no headboard, the pulp flowing through 
a comml distributor with an annular ajXTture surrounding a central 
|K)Ht; instead of hrushes to keep the surface of the deposit smooth, 

4 arms of iron pi|X‘s, pierced with fine holes, through which issue jets 
of water, rotate slowly, and not only perform the office of the brushes, 
>ut also wash away some of the barren tailings. Both of these latter 
devices are also in use in the lead-mining districts of the North of 
England for huddles working without the ring. It seems to Ik‘ verv 
gencnilly hehl that the headlMmrd is of (huihtful utility and may well 
enough lie disiienstHl with, but the use of jets of water instead of 
bnishes IS apt tx) gi>e rise to the formation of channels in the deix)sit, 
in W’hich valuable mineral may Ix' washtnl away. 

Tlic OoneaT* Buddie is Khcwn in Fift *i:,> As will Iw seen, the floor 
IS funnel shaiHsf, the sIoih; of the cone l)einK aptin very flat The puln 
m convyod as k-fore to the centre of the huddle, but from the centml 
funnel loiiK spouts convey it to a narrow iKM-ipheral headboard. The 
wntml shaft carries arms and brushes just as in the convex fonn • some- 
times these brushes are attached to the pulp sikuiU, which then’ act in 
a double cajiacity. In this form of huddle the heails are deposited at 
the circumference and the tails nearest to the centre, so that there is 
more sjiace available for the former than for the latter; it is therefoiv 
well adapted for cleaning partially concentrated material such as the 
heads from the convex huddle, and is generally used for this purpose. 


‘ In9t\H«ek, Eng, 1873, f»l. 4.1 
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Borlaie’t Buddie (Fig. 236*) k a concave huddle with a sliding ring 
worked by hand, by means of which the level of the overflow can be very 
accirtately adjusted. Tlie ring is shewn on a larger scale at RR, and it 






Fig. 235. Concave huddle. Plan and sectional elevation. 

18 lifted, as shewn, by a lever and screw gear, which works a spindle 
that passes through the shaft of the huddle. 

Appliances that dejicnd partly on separation by falling through a 
horizontal current of water and partly upon the differential rate of 
travel along the bottom of the stream have been in use from im- 

• 

‘ Pm*. Intt. Meek. %ng. 1857, PI. 44. 
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ttiemoria! periodg^ and constitute the most primitive type of dressing 
plant Illustrations of these are to lie found in Agricola’s well-known 
work^ and they are to lie met with in closely related, but without doubt 
independently invented forms, amongst semi-civilised races all over the 
world As usually constructed they consist of a wooden trough at the 
head of which the [>ulp to be treated is fed in, an additional stream of clear 
water lieing sometimes run in nearer to the hemi of the trougli. The 
inclination of the trough, the quantity of water, and the resulting velocity 
of the current are usually sft pro[K)rtioned to the size and weight of the 
pirticles of mineral that the heavier mineral remains at a*st in the 
trough, whilst the ligliter is carried off In order to prevent [mrticles 
of the lighter material from laung entangled in ami held liack by the 
heavier, it is neceswirv to work the material lying on the floor of the 
trougli uj) against the current, which is usually done by means of a 
k'soin, a fine-toothed rake, or a hoe. The clean heads thus obtained 
are usually sliovelled or raked out from time to time, whilst the waste 
runs off continuously. Such an armngement is used, for example, by 
the (.’hincse in the Malay I^eninsula for concentmting the tinstone 
from the tin-liearing alluvial deposits. 

The “ Strips,” which were largely used, and are still employed to 
some C vtent for a preliminary concentration of crushed tinstufl’ in 
(,'ornwall, consist of troughs 20 to .‘10 feet long, 12 inches dee[), and 
IB inches wide, in which the material richest in tin is gradually 
deposited at the iipiKU’ end, whilst the tails are pnictically Uirrcn. 

Btrakes and Tyes are very similar to the last named, but are usually 
shorter, namely, from 10 to 20 feet in length, and are usually worked 
with a hoc, whereas strips are not thus worked. The lower end of the 
t^e is often arranged to lie closed by a series of bars of wood aliout 
1 inch deep, which are laid in successively as the material accumulates 
on the Ixittom of the trough, until the latter is sufficiently filled. Such 
appliances are also sometimes fitted with riffles; these in their simplest 
fonn consist •• r ridges of wood or iron ^ inch to 2 inches deep, placed 
across the trough to arrest the heavier particles; grimves in the bottom 
may take the place of ridges, and many special fonns are used in 
hydraulic gold mining. Tliese appliances, like rectangular buddies, 
are usually worked in jiairs; they are not very efficient and have little 
but their cheapness to recommend them. 

Slime Pita and X«abyrintha work uixm a somewhat similar 
principle ; they are simply rectangular pits into which water carrying 
fine particles of mineral is run, and in wych the velocity of the current 




Fig. 237. Trough washer. Flan and elevation. 
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is sufficiently reduced to allow the fine particles to settle. Tlio water 
is nm off and the pits emptied out from time to time. 

The ordinary Trough Washer, used for washing moderately small 
coal, say from Ij inch to i inch cuIk?, w orks on exactly the same principle. 
In its simplest fonn it consists of a trough 16 to 24 inches wide and 9 
to 16 inches deep, through which a stream of water carries the dirty 
coal ; riffles are set across the trough at intervals of 16 to 20 feet The 
stones and dirt sink to the Iwttom and remain there, being caught and 
retiiined by the riffles, whilst the lighter clean coal flows over them and 
runs oft* at the lower end of the trough. These troughs arc worked in 
[wiii's, and tlie oi>emtion must l)c 8top[)ed k'fore the dirt reaches the 
level of the u[)i>or edge of the riffles, when the stream of coal and water 
is diverted into the neighlK)uring trough, and the accumulated dirt 
shovelled or scm|)i‘d out. 

Such a wfisher is shewn in Fig, 26/ as used at Flimby (.olliery, near 
Marvport, FumlK.‘rland‘. There are two iron troughs 150 feet by 
17 inches wide and 16 inches deep, set at a gmdient of 1 in 66; each 
has two riffles, about 2 inches deej), one at the lower end and one some 
20 feet higher up. The troughs are used alternately, the stream being 
diverted from one to the other by means of a movable tongue placed at 
the upper end. The velocity of the stream is ,600 feet jair minute, and 
the }i[)piiance treats 10 tons of coal [)er hour with a water consumption 
of 400 gtdlons {K‘r minute. Akut 16 fHJr cent, of dirt is taken out of 
the coal, and the working cost of washing is given Jis riBd ]»er ton of 
coal treat'd. 

At Tredegar’ there are three troughs, side by side, 250 feet long, 
62 inches wide at the top and 16 inches at the kttom, by 12 inches 
<lee[), set at a gradient of 1 in ,60; they are built of 2 inch plank, the 
l)ott<»m king covered with i-inch iron plates. Riffles, consisting of 
strips of iron, are inserted every 12 feet; these are 3i inches de^p at 
the head of the trough and get gradually shallower as they approatffl 
the lower end u here they are only 1 J inches deep. The shale is removed 
from each trough in succession at intervals of about } hour, the supply 
of coal being cut olf from the trough that is being cleaned This plant 
treats 20 tons of small coal per hour, the coal having been passed 
through a 1 inch screen. 

An extremely primitive type of trough washer is in use in Asturias*; 

TVoiw. Min, Imt. Scotland^ Vol, xi. {k 184. 

* Min. Proc. Imt. C. A., “Coal Wiwhiiig,* by ,1. F. Harvey, VoL LXX. 1881, p. 106. 

3 Tram. Imt. Min. Eng. Vol xxvhl p 423 . • 
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it Himply consists of a wooden 
trough about 20 feet long, 15 
inches wide, and 15 inches deep 
set at a considerable incline. A 
stream of water runs through the 
trough, and the coal is shovelled 
in at the top end and worked 
about witli the shovel; the dirt 
is rak<d out at the head of the 
trough, whilst the washed coal 
eseaiies at the lower end. 

An improvement in the ordi- 
nary trough washer consists in 
having more numerous riffles, and 
removable slides in the liottom 
of the trougli, through which the 
accumulated dirt may be removed. 
This form is well illustrated by a 
trougli waslier at Lodge (-olliery, 
Slamannan\ shewn in Fig. 

This is a double trough 100 feet 
long, each trough lieing 2 feet 
wide at the upiHU* end and 1 foot 
(> inches wide at the lower. The 
l)ottom is of steel 1-inch thick 
and the sides of f,,-ineh iron. It 
is set at a gradient of 1 in 22. 
The coal is tipiied into one oi» 
other of the troughs at ^1, a mov- 
able hoptier sending it to one 
side or the other; at Ji is a water 
pijKi with a tap for each trough ; 
at (/there are riffles about 4 inches 
deep, mid at /> there are slides 
about 0 inches broad and the full 
width of the trough, which can l)e 
lifted by the handles f. The dirt 
which accumulates behind the 

' Trang. Mhu Imt. Sc<Akndy Vol. xi. 

p. 216 . 




Bell suid Rah^j wssher. Ptan, side and end ^evnticm. 
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riffles C is removed by lifting out the slides and allowing the dirt to 
drop into a lower trough, down which it is carried by a stream of 
water to E, where it is loaded into tubs ; the washed coal is discharged 
at (J. >Vhil8t one trough is Ixjing cleaned out, the other one is in use. 
This appliance washes about 10 tons of coal [xjr hour, removing al)out 
20 jier cent of dirt; the cost of lalH)ur is given at 2'2r)f/. per ton of coal 
treated 

In the Bell and Ramsay' Washer, Fig. 209, the trough is made of 
iron, is semicircular in cross-section, and is^ hinged at the up[)er end ; 

along it run stirrers attiched to a 
shaft which gives tliem a vibrating 
motion to and fro. The trough 
is fitted with riffles, some of whi(di 
are fixed, whilst others can be 
movcsl by means of level’s, as shewn 
in detail in Fig. 21l». When the 
trough has to Im' cleaned out from 
the accumulated dirt, the bottom 
end is lowered clear of tlie stirrers 
and fixed riffles, whilst the movable 
riffles are lifted by means of their 
levers. The dirt is (hen flushed 
out by a stream of water into a 
waggon ])laced to receive it, and 
the trough is then lifted back into 
its place again and the wjushing 
operation continued. 

Various improvements have 
bt^en made in trough washers with the object of rendering the action 
oonttnuous and thus doing away with the intermittent method of 
working two troughs alternately. This can evidently lx; accomplished 
by some metlnMl of removing the dirt continuously at the .upj>er end, 
whilst the clean coal flows off at the lower end. Of the various methods 
in use we may consider travelling scmiK;r8, a travelling trough and a 
trough with screw conveyor. 

The Blllott Waaher (Figs, 241 and 241*) consists of an iron or steel 
trough, about 18 inches wide at the toi> and 12 inches at the bottoni, as 
ahown in Fig. 242, about 12 indies deep and 6(( feet long, set at a gradient 
of from 1 in 12 to 1 in 18. Above each end of the trough there are sprocket- 
' Tratw. Min, likH, ScoUmd^ Vol xi. p. IS.'i. 





Fig. -241. Elliott washer. Plan, and .side elevation. 
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wheels driving endless chains, to wliich scrapers, about 3 inches deep, are 
attached ; these scmiHjrs act as riffles, but as tliey slowly travel up the 
trough, they carry the dirt up with them and discharge it at the iipi)er 
end of the trough, whilst the washed coal flows off’ at the lower end. In 



order to clean the dirt from all particles of coal, the coal to be washed is 
fed in about 20 feet from the top end of the trough, so that the dirt 
travels for this distance in clear water oidy and is thus thoroughly 
washcil. Kach trough treats from 50 to 100 tons of coal per day ; 



Fig, 242. Tnmgli of Elliott washer, dross-section. 


a larger output is dealt with by increiising the number of troughs. The 
figure (Fig. 241) shews a single trough plant cafMible of dealing with 
1(K1 tons per day. At the New Consolidated Charlotte Pit, in Silesia^ 
an Elliott washer, 60 feet long, with a gradient of 1 in 15, washes 

^ Mnekf. Berg, u, Vol xlt. 1897, B. p. 238. 
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6() tons of coal ]ier day, which has [mssed through a screen of 0*275 inch 
mesh, with a water consumption of 175 gsillons i)er minute. The dirty 
coal. contains 15 j>er cent of ash, and the washed cotil only 5 to 6 per 
cent^ whilst the dirt removed contiins 50 to GO jwr cent 

At Wirnil (’olliery, (-heshire\ an Elliott washer has l)een erected, 
the trough Iwing G() feet long, 1 foot 6 inches wide at the lK)ttom, 
2 feet G inches at the top, set at a gnidient of 1 in 12 ; the sempers are 
4 inches deep atid set 6 feet apart; the coal is fed in :10 feet from either 
end of the trough. This washer can deal per hour witli 10 to 11 tons of 
coal that lias p^issed a 1-inch screen. The unwashed shick contains 
25 })er cent, of a.sh, whilst the Wfished coal and the dirt contain respec- 
tively 1*20 per cent, and 00*75 per cent, of ash. The complete plant costs 
i'/OO, and an additional trough has been put in, thus doubling the 
capacity of the plant, for another X2G0. The cost of washing is given as 
about 0 075t/. per ton. 

The Elliott washer is in use at several collieries jn (Jreat Hritain, 
North of France, etc. 

A very similar trough washer, built by Messrs Inglis and llossack 
of Airdrie, is in use at the Eongrigg (kdliery, Slamannan'' ; it is shewn in 
Fig. 210, and consists of a trough GO feet long, 2 feet wide, and 11 inches 
det'i', set at a gradient of 1 in IH ; the coal to l)e washed, together with 
some water, is fed in about 15 feet from the top end, and the remainder 
of the water is run in at the very top of the trough. In the Imttom 
of the ti'ough lies an endless chain to which are atbiched scrajMjrs 
2 in lies deep, about 4 feet a[>art, the chain returning as shewn l)cneath 
the trough. This machine waslies efficiently some 200 tons of coal 
[)er day. 

It will be seen that this appliance is jiractically identical with the 
last-named, differing only in the position of the endless chain. 

The Murton Washer (WTkmI and Burnett’s patent)'* consists of a 
trough composed of segments like a picking belt, but fitting watertight 
against each other, as shewn in Fig. 244. The trough thus formed is 
GO feet long, .1 feet wide and H inches deep, and it is set at a gradient 
of I in 18. The joints of the plates, which are 8 feet long, are so 
arranged as to form riffles aliout 2 inches deep. Coal, with a certain 
amount of water, is fed in at 12 feet from the up[)er end, the remainder 
of the water being supplied close to the top end. The trough travels 

* Tram. Fed. Imt. Min. Eng. VoL xi. p, 

^ Tram Min. Imt, Scotland., Vol xi. p. 218 

* Tram. Fed. Imt. Min. I^g. VoL ix. p. 42, 




T^meritrcr collierv washer. Plan and elevation. 


upwards at a rate of 8 to 10 feet per miuute, 
carrying the dirt with it, whilst the water 
carries the clean coal downwards and dis- 
charges it at the lower end At Murtoii 
Colliery such a wiisher treats [H*r day 400 tons 
of coal that has [>a88ed through a f-inch 
seamen, and uses 450 gallons of water per 
minute. The [«)wer requiml to drive the 
washer proper is about fi h.p. The dirt 
washed out amounts to 16 or 17 |>er cent, 
and tlie washed coal contains 2‘86 i)er cent 
of ash. The cost of washing is given as 
070 (/. |>er ton of slack, and the first cost of 
the plant as £2000. 

A similar machine at Nunnery Collier}' 
deals with 22 tons of slack per hour. 

The Blackett Washer {Blackett and 
Palmer’s patent) is shewn in Fig. 245. The 
trough is here replaced by an iron cylinder, 
to the inner surface of which is riveted a 
s])i»'al strip of iron ; this latter acts simul- 
tineously as a series of riffles, and as a screw 
con VC} or, carrying the dirt forward and 
discharging it at the upper end of the 
cyh ulncal trough. 

Blanket Strakei are scarcely used, ex- 
cept for concentrating the 
auriferous fiyrites and other 
heavy minenils conhiined in 
cnished gold quartz. They 
consist of troughs 12 to 20 feet 
long, 2 to 3 icet wide, and about 

0 inches deep, set at gradients 
that may range from 1 in 6 to 

1 in 16. In the l)ottora of the 
troughs are laid blaukebi from 4 to 6 feet 
long, of the same width as the trough ; they 
must be laid like tiles on a roof, the lower 
edge of each overlapping the upper edge of 
the next lower one for a distance of |ome 
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6 incbee. The jmlp to be concentrated is run in, beat over a headboard 
fitted with j)ina, ao aa to produce a stream of uniform depth. The heavier 
mineral sinks to the bottom and, becoming entangled in the nap of*the 
blankets, is retained thereby, whilst the lighter minerals flow oft' in the 
stream of water. After a certain time the nap of the blankets becomes 
filled with the accumulated concentmtes ; the stream of pulp is then 
diverte<l into an adjoining strake, and the blankets are folded up and 



Figi ‘245. Hhicketl M'jiHher. Sectional elevation, 

C 4 irried to a wooden tank filled with water, in which they are washed, 
until free<l from the accumulated mineral. The latter is thus collected 
in the tank, from which it is removed by hand for further treatment 
Blanket strakes are worked usually in pairs, but sometimes in threes, 
two filling up, whilst the third is being washed, bistead of blankets, 
ssmking, biiss matting, plush or similar materials may be used. Blanket 
strakes wore very extensively employed at one time, but are now but 



Fig. '24H. I’wit Htmktw for platiiiuin. Umgitudinal section luul cross-section on X Y, 
little used, having been genendly re[)laced by mechanical concentrating 
appliances. Their working cost is high, Imth for labour and for material, 
but they are very easily and cheaply constructed, and are therafore still 
used at times in small and preliminary insbdlations. 

A very similar appliance, shewn in Fig. 246, is used for concentrating 
platinum sands in the Urals b It consists of a box B of the section 
* Thi MiyMrd^fndustrjf^ Vol. vi. p. 549. 
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shewn, about 1 foot wide, lined with sheet iron ; at tlie u))[)er end 
a stream of water is introduced through a pipe A, and is kept at a 
constant head by means of tlie baffle lioards as shewn. This box oiiens 
into a trough C, also about 1 foot wide and 15 feet long, set at a steep 
gradient ; this is flooreil with well-washed peats, kept down by cixiss- 
pieces of m' 0 (m 1 , held in their place by wedges and forming shallow 
riffles. The sands to lx* treated are thrown into the box B in small 
lots and worked alnjut with a hw or narrow shovel ; most of the coai*ser 
platinum remains in B, aiSl the rest is caught by the riffles and peats 
in (\ The peats are tiiken out from time to time, washed and beaten, 
and the material retaineil by tliem is thus collected. 

(Canvas tables may appropriately K* considered here, although they 
arc very often used for fine slimes and worked with tliin films of water, 
and sliould therefore in such aises Ik; included with the next series 
of appliances. They consist of tidiles or shallow' troughs, over which 
a piece of canvas is stretclied ; very often the canvas is nailed to a light 
wooden frame wliich is laid on tlie table. They are set at gradients 
ranging from i inch to inches per foot according to circumstances. 
In some cases narrow troughs, 1» inches wide or a little moi'e, are used, 
in other cases tabl(‘s from 4 to 12 feet wide. The length may vary 
from j:) feet to Kio feet The conditions under w'hich they are worked 
thus vary very widely, but they are almost exclusively used for concen- 
trating auriferous pyrites out of the pulp produced by sturiping gold 
(piartz. In Australiji three Uibles, 4 to 5 feet wide and tio to 100 feet 
long sei, side by side, on two of which the concentrates are l)eing 
de[>osited whilst the third is being cleaned, are considered sufficient 
to treat 100 tons of crushed (piartz per 24 hours, each table taking 
alxiut 30 cubic feet of ymlp per minute. In America wide tables are 
used at times, but more often narrow strakes ; a strake, 20 inches wide 
and 40 feet long, will treat from 1 to 3 tons of crushed material in 
24 liomH The canvas in these tables wears well, and the chief exj)enRe 
is for labour. The rough surface of the canvas checks the flow of the 
lowermost film of water considerably, and thus helps to catch very fine 
slimes. These tables can therefore be used to treat pulp carrying oidy 
a very small percentage of finely divided heavy material, and they are 
often arranged to follow other appliances so as to collect the last 
portions of valuable material in the pulp. The concentrates are either 
brushed off them or washed off with a hose, and are rarely clean enough 
to dispense with further concentration.* 

The principle of separation in shallowtoeams of water in its pure form 
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k esiHjciuIly applicable to slimes and very fine sands, the increments in 
the velocity of successive water films being greater when thin films are 
considered than when these are deeper. Hence applitinces working on 
this princij)ie can treat [articles far too fine to l)e sepanited by rate of 
falling in water. In tiieir simplest fonn the appliances to be considered 
consist of inclined planes u|)on which a given quantity of the mineral 
pulp to l>e treated is fed, the quantity of water and the inclination of 
the [)lane l)eing such that the heavier particles either remain at rest 
or are curried very slowly down the plane, Whilst the lighter jwirticles 
are carried down more nii)idly. After a given interval the supply of 
l)ulp is cut otf and a stream of clear water run on, still in such quantity 
iis not to wash oft’ the heavier mineral, but so as to thoroughly clean it 
by removing all the lighter jMirticles; sometimes this action is assisted 
by gently rubbing or brushing the heavier residue upwards against the 
current s() as to get rid of lighter particles meclianically entangled in 
the heavier ; finally the clear concentnited heavier particles are wiished 
oft' or brushed oft* into a suitJible receptacle, and the entire in*ocess 
recommences. The o|M.*rtition is thus inUn’mittent, with three separate 
stiq^es of depositing, cleaning and washing oif. 

I’nd'essor Richards' luts investigated the l)est conditions of angle of 
slojH‘ and (juantity of water to effect a coin])lete se|mnition between 
grains of ndneral of given specific gnivities for vai’ious sizes of the same ; 
his results appear to U* emlM)died in the following table : 

K(»r coarMc [mlp tla^ Ix'st k1o|h‘ is T 4r)' with 12 Ihs. of water foot of width 

For im*<liuiii „ „ „ .'i a „ li lbs 

For finost „ „ H 10 „ 2 lbs. .. 

There is ample room here for further ex|XTimentaI investigation, the 
nature of the surface of the plane Ixdng one of the most iiufxirtiint* 
conditions attinding the efticiency of the appliance ; it seems to be 
pretty clear that for gcMwl work the |>articles should roll and not slide 
down the plane, a condition determined es.Hc‘ntially by the shajic of the 
jwrticles and the nature of the surface. 

The typical appliance for this o|Kjration is known as the Frame ; it 
is stanetimes ftjK)ken of also us the Flat Ruddle, but this name is Ix^tter 
restricUnl to the aiipliamtw already descrilx'd on p. It consists usually 
of a talde of wellqdaned Ixairds IJ inch thick, secured to a sulwtential 
wooden fmme ; it is l*i to 2t) feet lung, ft feet fi inches to a feet wide, set 
at a gnwlient ranging from a"' for slimes to 12 for fine sands. It is fitted 
with a headlxtard with regulating pins, the inclination of the headboanl 

‘ Or# Drming^ Vol. ii. p. 707 Amer. Imi. Min. Eng. Vol. xxviL p. 76. 
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l>eing ab(Hit twice that of the frame itwelf. These frames are always 
worked in pairs and are in fact usually built double. The j^eneral con- 
struction of such a double frame is shewn in Fi^;. 217, after Kirschn^r^ 
Accordinj^ to Ilittin^er a frame 4 feet wide and 12 feet long will 
treat n*()H to 012 cubic foot of pulp carrying slimes, or to 0’5 cubic 
foot of pulp carrying fine sand |K*r minute, the pulp in the former case 
containing 5 to H lbs. of dry material and in the latter 1.) to 18 lbs. 
\nir cubic foot of pulp. The total capacity is 2 cwt. of the former class 
or 1') cwt. of the latbT class, or say on the^average 0 cwt. of mineral 
jK^r in hour shift ; the (piantities of water in the })ulp for de[)ositing, of 
water used for cleaning the concentrates, and of water for washing it 
off, are in tht‘ pr(»[K)rtions of 1 : 1 : 8, and the periods of time occujued 
in the res|K‘ctiv(‘ opemtions are about 4 minutes, 2 minutes, and 
2 mimites. in working the frame, the pulp is allowed to run over one 
of the divisions of the table in a thin film, when the heavier portions 
remain ufMin the table, whilst the lighter [)ortions flow off with the pulp. 
In order to ke(*p the surface smootii and to pr(‘vent channels forming, 
the deiH>sit is lightly rublH'd from ladow upwards with the wooilen hoe 
shewn in Fig. 218. When a suflicient layer of concentrates has been 
de|M»sit(‘d, the pulj> is diverted to the neighbouring table, and a thin 
stream of (4ear water run on ; the tailings washed off by it usually 
contain some of the heavier portions and are collected separately, 
forming middlings to washed over again. 4'he heads that then 
remain on the table are pnictically clean and are washed off into a 
s|K*cial receptacle, a broom laung often emj>loved to sweep them down. 
From this is derivt'd the (Jerman name of the ajjplianee (kehrlwni^ 
sweeping table). 4'he old Oornish form of this appliance is a table 
nesting on pivot.s, so that after the mineral has been dei)()sited, the table* 
can Ikj tipi>ed up into a vertical |)osition. and the deposit washed off bj^.^ 
means (»f a jKufonited pi|R* running above it. This ari’angeuienyf' is 
shewn in Figs. 218, m and 2*>P, in which the method of workup the 
fniine and that of tij)ping it up to wash off the heads are cleivrl^ shewn, 
the latter oimration kung |H?rformed by turning over a tr ,iangular 
tnmgh of water Husiwuded ak)ve tiie fmme. ^ 

The chief modifiaUions of this simple api)lian(5e are variatio Sns in its 
dimensiems and pr(»|K>rtions. The frame used in the Welsh^ Ijca <1 Mines 

’ Gfundi m der 1. Kirm'liner, p. M4. 

^ PfiM-. Imt. f * A’, “()i» DresMng Tin ami (Vipjwr Ores in Ojniwall,” by I eiHlerson, 
Vd xvn, ’ / 

* Mm. Omi. .Sump, “On the Mining District of Canligauahire ami Mr’ntgomery* 
shire, " by Warington W. Smyth, Vol. li l*t ii. p. «73. U 
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m very broad jn proportion to its length, namely 10 feet wide by 7 feet 
long, with a fall of inches in that length. A gentle stream of water 
flows over the surf'ace and the ore to be dressed is placed in a small 
heap on one side of the water sujiply and is drawn with a hoe partly 
against and partly across the stream to the other side of the table. 

Whilst some frames, as in Figs. 249 to 251, are carried on trunnions 
placed in the centre line of their length, so that when the mineral has 



Fig. '2,V2. Triaiigalar fniiiie, I Hagrumniatic cro.s.s-st‘Cti(Hi, 

been deposited and cleaned, the frame can Ih) turned vertical, others are 
turned ujiside down for the more ready removal of the clean con(*entrates. 
Occasionally such a frame consists of two tables Iwick to back, so 
that the mineml may l)e washed off the table that is undermost 
whilst it is depositing u|K)n the other table. At times three tables 
have l)een arninged witli their longer si<les fastened together so as 
to form a triangle in cross-section, the whole stiMicture being attached 



Fig. 2‘A Hniall fniine for platimun. Vertical Ket^tioii. 

to a central shaft, as indicated on the subjoined diagnimmatic cross- 
8ect.it»n, Fig. 252, where a, h, c are the thret‘ tables and d the central 
supporting shaft The mineral is deimsited and cleaned on the table, 
such as < 1 , which happens to he upjwrmost at the time, and when 
ready the structure is turaed through 120°, thus bringing another 
table, such as 6, into position for depositing mineral upon it, whilst 
tlie deposit on a is washed oflf into a trough beneath. 

A very small frame is used in the Urals for finishing the washing 
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of partially concentrated platinum sands* ; it consists of w|iat are really 
two tables sejiarated by a drop of 2 inches, the two tojijether being 
3 feet wide and 4 feet 9 inches long. A stream of water runs on to the 
upixjr table u[)on which the sands to be treated are thrown ; they are 
worked alxiut on this surface by means of a little woollen hoe 8 inches 
wide, until they are fairly clean, wlien they are allowed to be carried 
on to the lower table by the stream of water, and the washing is there 
finished, the clean platinum sands lieing finally collected off both tables. 
It will be noticed that in tins modification the stages of depositing and 
cleaning succeed each other without any break at all, and form in fact 
only one opi^ration. 

The constiint attention needed for these appliances together with 
their relatively small output renders their openition costly, and many 
devices have been resorted to in order to render them automatic. A 
very ingenious one is the Self-acting Frame", used in Cornwall for fine 
tin ores, shewn in Fig. 254. It consists of two tables one almut 5 inches 
alM>ye the other, both set at a slope of about 1 in 7. The pulp is 
delivered througli the launder A on to the headboard Ji (Fig. 254) and 
thence on to the up])er table, over which it flows, tmversing next the 
lower tal)le, the clejin ore being defxwited U[)oii these two tables, whilst 
the wu.Te flows otf at the bottom of the lower table into the launder C. 
There is n(» ]»rovision for cleaning the deposit, but the washing off device 
consists of two triangular troughs 1), />, pivoted along the a])ex of the 
triangh', which gradually fill with clear water fr<un the launder E 
Thes-' tiiangular troughs are so armnged that when full they over- 
l>alance, and the water pouring out in a heavy stream flushes the tables. 
By the system of levers shewn, the act of tipping up these troughs lifts 
file covers from two troughs F, F, one Ixjlow each table, into which the 
concentrated tin ore is washed, llie larger (piantity and the cleaner 
part of the tin ore is dejiositcd on the upper table, hence the contents 
of the two are kept separate. As soon as the troughs />, />, have dis- 
charged their contents they are brought Imck to their original position 
by the counterpoise when the operation of de{)ositing recommences. 
The upper section in Fig. 254 shews the frame during the depositing 
stage, and the lower section during the flushing stage. By this arrange- 
ment one lad can attend to 20 frames, whilst the hand-worked frames 
nei^d from one to two lads to each frame. 

* The Mimra/ Induetry^ Vol, vi. p. .350. 

■ Proc. InH. Meek Eng.^ “On the Mechanical Appliances used for Dressing Tin 
and Copper Ores in Cornwall,” by Ferguson, 1873, ^>, 1 19. 
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Another’aiitomatic appliance, used chiefly for fine lead oijbs, but which 
has also been used for fine tin ores, is the Propeller Knilh Buddle\ 
shewn in Fig. 255. The frame proper consists of a table, made either 
of plank or cement, or line<i wath sheet iron, finished accurately to the 
shape of about one quarter of a hollow cylinder, as shewn in the section. 
Al)ove this a light iron frame about fi feet in diameter rotates on a 
horizontal axis, carrying a numl)er of scrapers or knives arranged in 
continuous spiral lines round^the frame, so as very nearly but not quite to 
touch the concave table, the frame making about 20 revolutions per 
minute. The pulp to be dressed runs in at one end from the hop|)er i, 
whilst a stream of clear water is supplied from the trough B along the 
w'liole of the upi)er edge of the concave bible ; the heavier particles 
dejK)Hit on the Iwttom of the table, the lighter waste being washed by 
the water into the hutches C and D ; the action of the revolving scmjHJrs 
carries the heavier portion along gradually, being exposed all the time 
to the cleaning action of the water, until it is discharged well cleaned 
into the hutch E. The contents of the first waste hutch C require 
dressing again, those of the hutch D can be allowed to run to waste. 

The knife buddle is still used a good deal in the North of England 
for cleaning fine lead ore obtained from the ordinary buddies, etc. 

Aii appliance important even more on account of its sulwequent 
developments than on its own account is Brunton^i Cloth introduced 
about the year 1840, and still used for fine lead ores. It is shewn in 
Fig. 25C, and consists of a wooden frame with a roller at either end, 
over which runs an endless belt of canvas stiflened with several coats of 
paint ; laths or small rollers are fixed at intervals across the frame so 
as to keep a flat upper surface. The upjMjr roller is driven by gearing 
and causes the belt to move upwards at the rate of about 15 feet 
per minute. The pulp to be treated is delivered on to the travelling belt 
at al)out one-third of its length from the top, whilst a supply of clear 
water rims on to it close to the top roller. 

Owing to this arrangement the films of water in immediate contact 
with the belt are not only prevented by friction from flowing downwards, 
but are actually carried upwards by the motion of the belt, whilst the 
upper films of water flow downwards at a rate regulated by the angle of 
inclination of the l)elt and the total quantity of water supplied to it 

The lighter portions of mineral run down the belt and flow off at the 

* Proc. Jmt. Meek Eng., “On the MechanictU AppUauce* used for Pretwing Tin 
and Copper Ores in Cornwall," by Fergiiaon, 1873, jv 119. 

* Proe. Imt. C. £., “The Priaing of Om” by T. Sopwith, VoL xx%. 1870. 

' 21-2 
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lower edge ; ,the heavier |)ortionH wink down on to the belt and, being 
carried upwardH by it, paas through the atreain of clear water, which 
reinoven any of the adherent lighter portions, and are finally carried 
over the b)p roller and washed off’ in a trough suitably placed into 
which the cloth di|)«. These machines are [mictically automatic;, one lad 
iHjing able to attend to several ; they are cheap to construct, take very 




little power to work them, mid are fairly efficient ; on the other hand they 
anittire a nood deid of water, and thch- ca|)acity is somewhat limited. 

A numlier of imiiortant machines known as Vanners, are merely an 
c^msion and develo|Hnent of the principle of the Hrunton cloth ; these 
will be fiillv discusstsl in the next chapter. Tlwse interested in the 
history of these inventions will find a good account of it in a paper by 
F. Schmidt’ upon endk-ss belt appliances for concentrating minerals. 

The rtrrarii BcK diflers from the foregoing in that the belt has 

' 6»ft Six. M. Ad. V«I. vm. 8er. 3, iSM n t)4l 

u. • » t • 
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a motion at right angles to the stream of water instead of parallel to it 
A perspective view of it is shewn in Fig. 257*; it consists of a rubk^ 
l)clt*27 inches wide carried over two drimis, the centres of which are 
13 feet apart, and supported upon intermediate rollers at every 2 feet 
One of the drums is driven by friction gearing so as to give the kit 
a speed of about 20 feet j)er minute; the shaft of the other drum rests 
in sliding bearings and keeps the belt in proper tension. Both drums 
and rollers have a uniform 8lo|)e from one side (the back side) to the 
front, so that the kit takes* this same slope. The pulp is fed on to the 
kit at its up[)er edge, close to one end (i.e. the following end); as it 
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Belt makeH wnceiitrateB ami tailing only. At Monteponi sucli l)elt8 
dress lead ores in the state of fine Hands of less than 0‘()C inch mesk 
Each l)elt will take alamt Vo cubic feet of pulp and about 2 (wbic 
feet of clear water [wr minute; it Mill treat alwut 3 tons of sands in 
an 11 hour shift, and rerjiiircK only one hid to attend to it. It is 
easily and chca[)ly built, and its M'orking is said to be [Kjifectly satis- 
factory. 

The Bevolvlng Slime Table is knoM'n by various names, such as the 
slime huddle, the Zenner huddle (in the Jforth of F^nglaml after its 
intrcMlucer), and occasionally sis 
the Harz tiible; the term huddle, 
as alresidy jMiinted out, is better 
not applied to nuichines of this 
tvjKs but restricted to those working 
eosirser sands in a deep wsiter cur- 
rent. This table bears the same 
rehitioii to the flat tsible or frame ' 
as the round huddle doe^ to the 
}k>.\ huddle, and may be looked 
upon theoreticsilly as consisting of 
a numlier of flat frames set radially, 
It consists of a round table, tin 
surface of which has the form, 
of a very flat cone, which re- 
volves slowly on its (vertical) 
Fig. 2.1H, biagnunofiictioii of jixiw; a stream of pulp runs down 
rt'vohiiig»li!Het«l)lo. ^ narrow' segment, whilst streams 

of water of difterent strengths are 
allowed to run over the rest of the surface. If the pulp contains 
|)articles of difterent sfiecific gravities their rates of travel down the 
table will be different Whilst their motion as referred to the table 
will always lie in radial straight lines, their actual motion in simee 
will l)e compounded of tliis motion and of the slow motion of rotation 
of the table, and their paths will lie spirals ; particles moving rapidly 
will follow' a jHith such as Aa, those moving very slowly a path such as 
i6, whilst those having intermediate rates of travel down the table will 
follow paths such as Ac, Ad (Fig. 258). Slimes can thus be efficiently 
sejiarateii in accordance with the specific gravities of their component 
jiarticles, and the rotating table is accordingly a very generally 
used appliance for dresang Wimea In practice these tables range 
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from 10 feet to 25 feet in diameter, tlie inclination of the conical 
surface being from 5® to 8®, the larger tables and flatter slopes Iwing 
employed for the more finely divided slimes; they make a complete 
rotation in from 1 to 4 minutes and require from ^ to 4 h.p. The 
pulp to be concentrated carries from 4 to 7 lbs. of dry solid matter |)er 
cubic foot, and a table will treat from 5 to 20 tons in 24 hours; on an 
average a table takes IJ to 3 cubic feet of pulp per minute, and about 
an equal amount of clcai' water for cleaning and washing ott^ the former 
of these operations taking about | and the latter about J of the total 
quantity of clear water. It will be understood that there is neces- 
sarily a great range in these general figures, Injcause the aijmcity and 



Fig. 259. llevoiving slitiie table, Perspective. 


mode of operation vary greatly according as fine slimes or coarser 
sands are being treated and as the minerals to l)e separated differ 
greatly or only comparatively little in specific gravity. 

These tables are usually built upon an iron framework, the surface 
consisting usually of segments of wood well planed and finished, or else 
of cast iron planed or of sheet iron covered with a thin layer of cement. 
Such a table as built by the Humboldt Engineering Works is shewn in 
Fig. 259. The table is driven by a tangent screw and worm wheel keyed 
to the upper end of a vertical shaft. This latter carries a light iron 
framework, supporting the table which is either made of corrugated 
iron covered with a layer of cement,* or else of planed cast iron. 
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There is a circular funnel-shaped distributor, into which the pulp is 
conveyed by a trough, and which allows the pulp to run in a thin stream 
over a segment of the table ; the aperture of this segment can be varied 
by a(^usting the distributor, and is usually from 90° to 180°, averaging 
usually about 135°; the tailings run straight down over the table and 
are caught in a corresponding segment of the channel shewn surround- 
ing the table. Tlie material next passes under a series of jets which 



are attached to a branch pipe coming from the annular pipe shewn as 
surn^undiug the shaft; the washing off jets are attached to a separate 
pijK) branching off the same annular pipe. The circular channel sur- 
rounding the tal)le is divided into three (more rarely four) divisions 
by ac^ustable partitions, making as many different products, namely, 
concentrates or heads, middlings (one or two classes), and practically 
barren tailings. The following figures give the leading particulars for 
a medium size table : * 
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Diameter ol table 


16' 0" 


Revolutions of table per hour .... 

JPower required ....... 

Consumption of clear water per minute . 

Capacity, according to nature and fineness of slimes, 


40 gallons 
per 24 hours 4—8 tons. 


Sometimes these tables are fitted with brushes to brush oft’ the 
concentrates instead of washing them off, so as to economise water oi’ 
to avoid excessive dilution. When economy of space is jmrticularly 
imjH)itant for any reason, •multiple tables, in two or three decks, such 
as shewn in Fig. 260, may be constructed; they are, however, cumlKjr- 



some and difficult of adjustment and their use is not to be recommended 
^if it can l)c avoided. They are usually built of wood on light iron 
frames : they are best made, as shewn in Fig. 260, of narrow boards 
in two layers, breaking joint. 

The Evans Slime Table, as built by Me.ssrs Fraser and Chalmers, Ltd., 
is shewn in Fig. 261. It consists of a wooden table built of segments of 
pine wool! upon an iron “umbrella ” frame. The table is funiished with 
a wide headboard t\ cut into a spiral form so that the concentrates are 
protected by the widening portion from the action of the wash-water 
during the greater part of the travel of the table. The pulp is delivered 
through the trough A and distributor B on one side (the right-hand side 
in the figure) of the vertical division L that rests upon the headboard; 
it runs on to the revolving table 7>, and the tailings run off directly into 
the circular launder and are discharged through the pipes 0. The 
middlings are cleaned and washed off the water jets from the per- 
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forfttecl pipe ^ into another division of the launder, and are discharged 
through the pii)e K into the box J, Finally the concentrates which 
have been hitherto shielded by the projecting portion of C are washed 
off by the pipe F into a short section of the circular launder, and thence 
througH the pijx; / into the 1k>x //, l)eing directed into this coui*8e by the 
dividing l)oard (i. The headboard V is suspended from the crossbeam M 
so that its iK)8ition can l)e adjusted relatively to that of the table as may 
Ihj recpiired. This table makes 1 revolution in HO seconds. It is 19 feet 
in diameter; the headlK)ard on the feed sideV alwut 7 feet in diameter, 
and this diameter increases gnidually on the clcfir water side to alx)Ut 
JO feet in diameter; the Uible slo|)es inches and the headboard 
1} inches to the foot. Its captu^ity is 25 to HO tons per 24 hours. 

A Concave Table' on the same principle as the revolving slime 
table is sometimes used, bejiring the m\w relation to the last-named 
that the concave buddle does to the convex huddle. One form of it, 
as used at the Mcnuita Mines, S. Austnilia, is shewn in Fig. 202. 

Shnmz^ has introduced a table with two headboards diametrically 
opi>^‘*^'t<? each other on large tJibles 10 feet to IH feet in diameter; he 
uses curved |K‘rfonited clear water pipes for spraying the products off 
the table. By these means a high capacity is attJiined, but the con- 
sumption of waU‘r is considerable. At Miihlenbach such t4d)les with 
surfaces of cast iron and of cement are in use for treating lead and 
zinc ores; they make 1 revoluti(»n in 2 minutes, take O'HH cubic foot of 
pulp jKT minute, use 7 to 9 cubic feet of water per minute, and treat 
14 cwt of dry slimes jier hour. 

It is found difficult to construct large tables of the above type, as 
they k'come heavy to move, and arc 8ubje(;t to jar atid vibration which 
interferes with steady and accurate work. To get over this difficulty 
Linkeubach® invented his slime table, shewn in Figs. 263 to 265. The 
Linkenbaoh Table differs from the i)recediug in that the table is 
fixed, whilst the slime distributor, the clear water jets for cleaning and 
wasliing off, and the recipients for the various products, rotate; the 
principle of seiwration is identically the same as in the last case, as the 
di*e88ing is perfonned by means of the relative motion of the above 
{mrts and of the surface of the table, so that it is indifferent which of 
the two is the fixed and which the rotating element. The table is 

' Mitch. f, Ber$, Ihiti. «, Sdin.-Wetm. XLVii. 18 « 9 , j>. 241 . 

* M. HUU. Ztg. Vol. iir. 1893, p, 92. 

3 Mull Sw. Ind. Min., “Note le lavage de« Minerals,” Ch. Mouchet, 8cr. :i, 
Vul vm. 1894, p. 527 ; Linkenhack, C* Auftwreining der Erze, 1894, p. 627. 



Fig. 262 . doncave slime table. Plan and sectional elevation. 
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ghewB in Figs. 263 and 264 in its usual fonns; the latter illustrutiou 
shews the details as built by.* the Humboldt Company. It consists 
of a massive conical block of concrete on an iron frame, covere<l 
with a layer of pure cement 2 inches thick, which is brought to the 
exact shape recjuired by sweeping with a template, the slope given to 
the table A thus produced, being usually about i inch to the foot 
Underneath the table a passage, 0, is left to enable the step of the 
central shaft to be attended to. Around the table are three concentric 
cemented troughs, Q, each having its own separate discharge. The 
hollow vertical shaft B is fitted with a stuffing box at its. upper end, 




Fig. 2(J4. Liiikenbacli table. lYTBjJCCtive, 


thrf'ugh which it is supplied with clear water from a fixed main (J. 
R< (ind tli<; lower part of this shaft is the feeding device in the form of 
a basin P, into which the pulp to be treated flows through the pipe N, 
and which distributes it uniformly over a segment of the table of 
about 90^ Communicating with the hollow shaft are four tubular 
arms D, from which project pipes E of different lengths and fitted with 
taps or nozzles of variable diameter as may be required ; from the 
pipes E jets of water are projected onto the table for cleaning or 
washing off the various concentrated product*. The arms D carry a 
collecting trough P, which is mounted Ion wheels or rollers jET, running 
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on a circular track. This trough ia divided by partitions into as many 
conipartinents as may be reijuired, from which project discharge pip^ 
of different length, etich of w'hich delivers a separate product intcf one 
of the fixed circular troughs Q ; each of these troughs is connected 
with the tanks or launders which receive seprately the products 
collected in each trough Q. The driving mechanism consists of an 
endless chain K which closely grijw the collecting trough F, and is kept 
tight by the tension gear J ; at the opposite side of the table it passes 
over the jmlleys M and is driveri by a sprocket wheel on the counter- 
sliaft L The ho)low vertical shaft, the tubular arms and the collecting 
tn)Ugh are thus rtitatcd together, making about 1 revolution in 4 minutes 
Tlie pulp fed onto the surface of the table flows slowly down it, the 
lightest iM)rtion on the tailings flowing the most rapidly, and therefore 
reaching the collecting trough almost op|K)site the iK)int of admission ; 
the more slowly flowing middlings and concentrates will reach the 
trough only after the latter has tunied through an angle that will l)e 
greater in proj)oi‘tion as the rate of flow is slower, so^that those 
divisions of the collecting trough that are furthest away from the 
jK)int opjwsite to the admission of the feed, will receive the heaviest 
concentrates. The pi[H;8 G discharge the kilings into the innermost 
trough (whence they flow oft’ through tlie launder R) whilst the heavier 
constituents of the pulp are discharged into the troughs progressively 
more remote from the table. 

There are a few nuKlifications in this construction ; the driving 
mechanism may consist of a wonn wheel keyed to the up|)er end of the 
vcrti(iil shaft, and driven by a tongent screw, as shewn in Fig. 264 ; 
instead of a revolving gutter with tulKJs discharging into each fixed 
gutter, there may l)e a revolving apron of widths varying in different 
jjarts, which similarly directs the various products into their re8i)ective 
gutters. 

A Liukenliach toble working at the Vaucron‘ mines, 26 feet in 
diameter with its generatrix inclined at a gi'adient of 419 per cent, 
treats slimes containing H per cent of zinc and 2 to 3 per cent of lead ; 
it tretits 4'6 tons (dry weight) of these slimes per 8 hours, producing 
2 ewi of galena and 0*5 ton of blende ; it requires about 11 gallons of 
dear water per minute and absorbs 2 h.p. 

Such tables have been built up to 26 feet in diameter, such a table 
treating about 15 tons (dry weight) of fine slimes in 24 hours and an even 
larger amount of coarsci;^terial. 

* BkU, Soc, ^nd. Min. 1894, loc. cit 
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According to the inventor the most suitable dimensions are : 

for coarse s/imes 20 feet in diameter, slope 1 in 9, 

„ medium „ 21 feet 6' inches „ 1 in 10, 

fj fine „ 23 feet to 20 feet „ 1 in 12. 

The pulp should not contain over H to 10 {Kjr cent, of dry mineral ; such 
a tiible can treat cubic feet of such pulp per minute, using cubic 
feet of clear water for cleaning and alK)ut half as much again for 
washing off the concentmtcs. Each toble aj^sorbs 0*1 H.P. ; it can treat 
fxjr hour 

of the coarser slimes 14 4 cwt. 

„ medium „ 13*2 cwt. 

,, fine „ 12*0 cwt. 

producing clean concentmtes, barren toilings and one or more classes of 
middlings. 

A view of one of thesis tiibles, as built by the Humboldt Engineering 
Co., in a somewhat improved form is shewn in plan and section in 
Hg. 2(;r», these Ixiing made of all sizes from 21 to 33 feet in diameter. 
Such a t4ible 33 feet in diameter at the Maria Mine near Beutlien 
trcjits 13 tons of clayey slimes, conOiining H to 10 i)er cent, of zim; in 
the form of blende, ym' 10 hour shift, the i)roduct k‘ing a concentrate 
with 2H to 30 per cent, of zinc, whilst the escaping tailings carry 4 to .> 
IHjr cent. 

Ihese Oibles have also k‘en built in several tiei*s, one above the 
other, blit thw arrangement can only k* justified wlien sufficient simce 
cannot otherwise Ik* obtaiued. 



CHAPTER IX. 

SlLfKIN(i! TABLES. 

Under this head scveml inachiiieH have to l)c considered, wiiich 
utilise a reciprocating^ motion for tJic tetter separation of particles of 
mineral conveyed in thin streams of pulp as oxplairtcd in the last 
chapter. It must however be noted at the outset that there are two 
types of reciprocating motion, which though often confused under 
the term of “shaking” are yet (|uite different in their mechanical 
charader and their efiects, the first bein^ simple shakin^( to and fro 
where the amplitude and speed of the motion in either dire(!tion are 
e<pial, and the other wliere there is marked difference between the 
two ; the term sliakin^^ will here be restricbul to the fornuu’ ty|Xi whilst 
th(‘ latter will be s[>oken of as jerking or bjim])ing, The i)rinci[)les 
involved have been discussed on p. 22(5. 

If a particle te; placed on a horizontal surface that receives a shaking 
motion, the pai’ticle will remain at rest relatively to the surface until 
the velocity of the shake is such that the momentum of the particle 
exceeds the resistsuute due to the friction of the surface upon which it 
rests ; the particle will then not only move with the surface, but when 
tbe direction of motion of the latter is reversed, the momentum of the 
fonner will cause it to continue to move over the surface until the 
effect of friction brings to rest relatively to the surface, when it 
will 'regain move with it, and so on; when these conditions obtain 
the partiuo will therefore be movc<i to and fro uj)on the surface, 
but the motion will necessarily te cHfual in either direc;tion and the 
particle will 8imi)ly move to and fro on either side of its mean 

position. If a surface te inclined in a direction at right angles 

to the dircetion of its motion and pulp carrying particles of 
mineral be allowed to stream over it, the result of the motioii will 
simply be to agitate the [articles. It has already been shewn that 
particles may readily be so small as to have practically no tendency 

to sink in a fluid, though they would |ave even less tendency to 

i. n 
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fine; Ihe result of such shakiujit would tend to settle them to the 
Ixittom of the layer of pulp and thus to promote their separation, but 
the latter would always take place in accordance with laws ol sepration 
in thin fUms of Ii(|uid. 

If however the Hlofie of the surffice l)c parallel to the direction of 
motion, the effect is the sjnne as irj the case next to l>e considered, 
l)e(;HUHe the force required to move the particle down the slope is less 
than that rwjuired to move it up the slop, so that the sum of all 
the movements is a motion down the plrne; hence this arrangement 
tends to move the jMirticle down the slope even though the inclination 
Ik‘ less than the angle of repose. 

If, on the other hand, the motion of the surface is uncfpial in the two 
directions, a different effect is produced. If the motion is at different 
velocities, it is evident that a partiede placed on the surface will be 
moved across the surface in the direction of the greater velocity 
(assuming this to l>e more than suHicient to overcome the friction 
iKitween the partich* an<l the surface), whilst its rate of travel will 
depnd upon the differen<*e l)etween the velocities of motion in the tw'o 
opjswite directions. If the velocity be e(piHl in both directions, but in 
one of them the swing be suddenly checked by striking against a bumping 
bliK^k, the motiem of the surface will be stopped whifet the particle will 
travel onwards by virtue of its momentum, and will therefore travel 
toward the bunqung block. In both of these cas(‘s, wdiich are mechanically 
identical in their eflect, the jairticle will travel across the surface, its 
rate of tnivclling lieing affected — other things being e(jual“by its weight, 
or for jMirticles of equal volume, by their densities. This principle 
thus admits of the sepanition of particles of approximately e(jual size in 
a(!ct>rdance with their specific gnivity, and it may therefore Ik? used to 
supplement the tmtioii of seiMiration in thin currents of pulp, as ex- 
plained on p. 220. It is obvious that if a current of pulp carrying 
{mrticles of mineral Ik.* allowed to stream over such a bumping surface, 
the heavier iwrticles, (H'cupying the lower strata of pulp, will be 
most affected by this bumping action, so that the heavier i)article, 
even of two equal falling jmrticles, is for l)oth reasons moved further 
than the lighter t»ue u[Km such a surface. 

The machines that employ a true shaking motion form a group known 
as Vannei-s, the Frue Vanner, invented alK)iit 1H74, having been the 
first of them ; it is still amongst the lajst and is very largely used. 
is practically a Bruntou belt (see p. 324) which receives a shaldSif^ 
motion. It is stud that the ^I'st attempt to combine a shaking move- 
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meiit with a travelling l>elt was made by Mr Hartwig at^ Moresnet in 
and that this appliance met with a certain amount of success on 
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the continent of Kuropc, whiU the Frue vanner was an American inven- 
tion. Thift uiaeliine in itn most modern fonn, as made by Messrs Fraser 
and Chalmers, IM, is shewn in Figs. 266, 266* and a perspective view of 
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the same iiuichine, but mounted on iron instead of wooden^standards, is 
shewn in Fi^. 267. It consists of an endless indiarubl)er belt 4 feet wide 
with* flanges at either side. This passes over a couple of drums huj)- 



what has already l)een said; it is 
belt, all the {jarticles Ijeing kept in 
action, so that none of the tailings 
centrates dejK)8ited on the belt The 


ported in a frame about 12 feet 
long ; the same frame carries a 
numl)er of rollers over which 
the Ixilt travels, thus securing a 
flat surface; the frame (and 
therefore the bt4t) slopes in the 
direction of its length, the 
amount of fall being from :i to 
6 inches ; the belt is kept per- 
fectly level transvei*sely. The 
roller at the head (or higher) 
end of the machine is revolved 
slowly by means of a worm 
wheel and tnngent screw, the 
rate of n])war(l travel of the 
l)t4t thus produced being alM)ut 
6 feet per minute. By means 
of cranks driven ofl’the lay shaft 
running along one side of the 
machine, the frame is kept oscil- 
lating at about 200 strokes j)er 
minute, the average length of 
the stroke being about 1 inch. 
The pulp to be concentrated 
is fed on to the l)elt from a 
headboard which acts as a dis- 
tributor, giving a unifonn flow 
across the whole width of the 
l)elt. AlK>ut 12 inches nearer 
to the head end the l)elt receives 
a miml)er of fine jets of clear 
water. The action of the vanner 
will Imj <»bvious enough from 
precisely that of the Bnmton 
lively motion by the vibratory 
nmy be entangled in the con- 
rd motion of the heavier 
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particles is assisted by the fact that these particles adhere to the 
surface of tile rubber belt; this is possibly due to the difference of 
Hurfiux* tension between the water and imrticles of light quartzose or 
earthy matter and of metallic sulphides resjKJctively. After passing 
the hejMl of the machine the belt is bent dowm into a tank in which the 
adhering concentmtes are washed off. Tlie depth of pulj) on the belt 
should be al)out { inch ; it bikes from 0’2 to ()’4 cubic feet of pulp per 
minute and alKiut half as much clear water in addition ; it thus treats 
alK)Ut 0 tons of fine sands in 24 hours, an(> reipiires |i.h.p. to drive it. 
According to circumstances it may however treat from 5 to H tons per 
24 hours. l<:iM!h machine weighs 21 to 22 cwt. and costs £12'). 

Frue vanners are also built having belts ({ feet in width, which treat 
alKuit 10 tons, or exceptionally up to 12 tons, in 24 hours, with a pro- 
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lK)rti(.iially greater coiwiimpti.m of jHjwer. Tlie so-called “Improved 
F riic Vamier ’ ukcs a l»lt, the upper Hiirfime of which ie corrugated ; it is 
obvious tliat this modification, by hindering the flow (rf watei' down the 
Buriruic of tile licit, enables tlie licit to lie driven at a somewhat greater 
Sliced, and thus increases the ca|iadty of the machine. The plain licit 
is, however, usually jirofemHl. 

There are numerous other 1011116111 , which differ but little from the 
Frue vanncr except in matters of detail. Tlie Triumph and the 
■mhray Vanneri use a longitudinal instead of a transverse vibration, 
the mmic of action being practically the same. These machines have 
perhaps a slightly greater capacity than the Frue vamier, but scarcely 
treat fine pulp lu effectively. An Enibrey vanner, shewn in perspective 
in ITg. 208 and in plan and eleaations in Figs. 269, 269* with a belt 4 feet 
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wide, making 220 vibrations per minute, will treat from 6 to 10 tons in 
24 hours, taking O'lS to 0-80 cubic foot of pulp per minute and about 

half as much cleiir 



water in addition. It 
is made by Messrs 
Fraser and Chalmers, 
Ltd. 

The Woodbury 
Vanner differs from 
the last-named in that 
the belt ^ feet wide 
is replaced by a dozen 
narrow belts, with the 
object of makin^i^ the 
action more uniform ; 
it has not come into 
extensive use. 

Bumping or jerk- 
ing tables fall natu- 
I’ally into two classes, 
according as the 
direction of the jerk 
is parallel or at right 
angles to the current 
of [)uli>. The former 
was the earlier con- 
struction and is well 
exem[>lified in the 
old Salzburg Table, 
which has l)een in 
use for a considerable 
periofl on the con- 
tinent of Kuroi)e. A 
modernised construc- 
tion of this machine 
as built wholly of iron 
by the Humlxjldt 
Engineering Co. is 
shewn in Fig. 270, 
and the more usual 
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couMtructloii, namely a wooden table hung from iron standards, in 
Fig. ‘i71 It* consists of a table, usually about 2j to 3 times as 
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table itself being made of well-planed boards. The table is sus- 
pended from cast iron standards usually by chains or wire rojMJs, 
so as to allow the degree of inclination to be altered as rtHiuired. Just 
below the top end of the table a three-throw c|im revolves which works 
agiiinst a tappet consisting of a piece of stout angle iron, lK)lted to the 
lower paii; of the frame ; the whole ttible and with it this angle iron are 
kept pressed closely against the cam by a strong spiral spring, so that the 
thrust of the cam takes place against the pull of the sj>ring. The table 
is so suspended that the tlrtnist of the cam lifts it slightly at the same 
time that it pushes it ; hence as soon as the cam has cleared the tapjKit, 
the weight of the table together with the pull of the spring brings it 
back sharply. A stout balk of hard wood runs the full length of the 
teblc, and is securely bolted to it; the upper end of this balk is usually 
shod with iron, and at each swing back of the tiible it strikes against a 
massive bumping-block firmly anchored in the ground. The motion of 
the cam thus causes a slow movement in the direction of the sloi)e of 
the table, whilst the re(!oil takes place sharidy and rapidly ending with 
a bump against the bumping-block. A heavy particle jdaced upon the 
table will therefore Ik? gradually jerked up it as the result oi this 
motion. If pulp be allowed to run on t-o the table from the headlM)ard, 
it is obvious that by suitably adjusting the velocity of the fiow and the 
force of the jerks, the lighter particles can Ik* caused to run off at 
the lower end, whilst the heavier concentrates will accumulatt? at the 
111 per 

The Schemnitz or Hungarian Table is practically identical with 
the above except for the bumping-block, which is replaced by a 
long elastic l)eam of wood. After each jerk the table is in this con- 
duction flung back by the recoil of this spring, a second bump lieing 
thus produced, and so on, each bump due to the throw of the cam being 
succK‘eded by a series of bumps— usually from five to ten— of gradually 
decreasing intensity, caused by this spring-lK)ard. The rate of revo- 
lution of the cam is therefore considerably slower, and the three-throw 
CAin is often replaced by a single-armed one, but the total numlier of 
bumps, including the main jerks and the sulisidiary jerks, is consider- 
ably greater. The mode of action of both forms is however pmctically 
identical. 

Pulp lieing allowed to flow over the headboard of either fonn, and 
the table being set in motion, the result Is the accumulation of the con- 
centrated material at the head of the board, where it gradually fonns a 
firm wedge-shaped dejiGsit ; when this hac^ reached a depth of d to 0 inches 
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the flow of pulp in Htopped, and clear water U allowed to run over the 
table for a Hhoit time ; the motioti of the table in then stopjKMl, and the 
dcixwit carefully reinovetl with nhovek Hie upjier [lortion consists of 
rich heads, which reipiir^* re-treatment ujkjii a similar tiible to jiroduce 
clean corKientrates; the next section is of alxiut the same composition as 
the material to lie ti'cated and may 1 k‘ returned for re-treatment ujion the 
same table, whilst the lower section is }M)or and is usually further treated 
UjM)n another similar table. As a f^eneral rule these tables are 
worked in jiairs. • 

With a table from ') to 7 feet widt*, from 2 to H cwt of dry material 
can lx‘ treated |R’r hour on the averaj^e, the )K)wer consumjition in- 
creasing^ from 4 n.i*. when, the tfible is emjity to 1 tl.P. when it is 
Ailed. 

Some (d’ the chief data concerninfi: these tables are as follows: 


liuiliiiiition of tin* tiililt' 

No. of blows jK'r tiiiinitc (Salzbui'}.' table)... 

Len);(tli of throw iSalzburj.' tabln 

No, of (linrt blows |a*r iiiimiU* 'Schoiuiiitz 

table) 

No. of staxnalarv j(!rks fcillowiuy eaeb main 

blow (Seliomiiitz table) 

L('n(.»tli of throw (Sclu'iiinitz table) .. 

Time re<(uir<Ml to till table with pulp can y 

iii)^ 5 „ to 10' , of eonei'ntratt'H 

(Quantity of pulp per miijut»' jn'r 5 foot 

tahhr 

Dry material per^jallon of pulp 


F(»l kIiiucs 

•■'ul IJIIC miikIk 

UK) 

5 

so 

If 

2V' 

IH 

12 

r. () 

10 

4" 

:}" 

H 9 Imnrs 

2-- 2.1 hours 

] 1 t'.illuu 

0 .’, ■ r> ffallons 

• I'/lbs. 

-7 IbH. 


These tables were very larjjfely used in W estern (lermany and Austro-* 
Hungry, chiefly for the treatment of lead ores, and are still in use to 
some extent; tliey are, however, l)eing mpidly displaced by modem 
continuous-acting machines, their small working capacity, and the large 
amount of labour re((uired (usually given as three men per pair of tables 
|K*r shift) kdng giuve dmwlmeks, whilst the degree of concentration 
attained is by no means correspondingly satisfactory. 

A very similar table, shewn in Fig. 272’, has l)een used a good deal in 
Australia, where it was generally known as the Halley Table. In this, 
as in those last descrilaHl, the concentrates accumulate at the head of 
the table, whence they are removed with a shovel, whilst the Imrren 
tailings flow continuously at the foot .Such a table, 4 feet wide 

^ Louis, Handbook of Qoid 3ni Ed. p. .359. 




Fig. 272. Halley Table. Plan and nectinnal elevatien. 


80 that the heavier concentrates are discharged continuously over the 
head of tlie table, whilst the lighter, practically barren tailings, flow 
oft’ at the foot. Such a table is that known as the Gilpin County, Gilt 
Edge, or Golden Gate Concentrator, all of these l)eing practically 
the sanjinnaebine. A form of this as made by the Colorado Iron Works 
Co. of Denver is shewn in isometrical projection in Fig. 273, and the 
details of it in Fig. 273». The same.finr'a Perfection,” Gilpin County 
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BumpinV Table, iH hIicwi in Fk 274 - it. . • 



«ami,. time tlieir coat in nKHlerak*' efficiency, and at the 

■Hum 11„ i„, '”* ""'’ ““'I' "Hi 

‘'''I*'«')C<I to H,„ne extent for ,lre,mf^ eoal. 



m!| Clem ^'“'■■pbell and the Omig 
hible Slfcet by aaChilrCilelli^^ !'• " 

c«'»iK.ae<l of H series of ateel atrirT^' • ® 

xteel «tnt«, forming tmimverae rifflea, which 

' MS.-,. 






Perfection Gilpin county bumping table. Plan, aide and end eleratione. 
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moved hIowI}' forwards (in the direction in wtiicli it slopes) and rapidly 
in the opixwitc direction cndiui; with a shari) bump. 

Tlic coal to ha wiinhed in Hliiiced on to the mi(j|dlc of the table frt)in a 
bin, and a current of (^lear water ruiiH on near the head of the table. 
The result of thin armnjjfeinent is that the cleaned coal is delivered at 
the lower end of the table over the Hudace ol the riftieH, whilst the 



coarser dirt is similarly discharged at the head end, the finer dirt 
passing through the riffles and being discharged over the true bottom 
of the table, also at the liead end. It is stated that this table works 
well on unsiased coal under 1 inch mesh ; that its ca{)acity is 5 to 7 tons 
^ hour with a consumption of i H.P., and a water consumption equal 

t 50 gallons per ton of coal. Tl»e sulphur and ash in the raw coal are 
to have been IinO per bent and 5*810 per cent, respectively, and 



Shaking Tables 855 

in the washed coal 0*857 per cent and 4*800 i)er cent., tJiese results 
having been obtained in Pennsylvania on Vinton coal. 

llie Craig Table, Eigs. 276 and 276*', consists of a table Y-8hai>ed 
in plan, running upon wheels, actuated by a two-Jirined cam, which works 
against a strong spring, forcing the table up the gently inclined track 



end, which forms a pair of narrow spouts. The table will wash coal up 
to If inch mesh; working at 60 five-inch strokes per minute, it has 
been found capable of washing about 8 tons of coal i)er hour, and at 
Coanwood Colliery, where it was tried ujpon coal containing 11*51 per 

^ Tram. Iml. Min. Eng. VoL xxni. p. 179. 
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cent of fiwh.aud 1*96 per cent of sulphur, these figures were reduced 
to 4*80 per cent and 1*657 per cent reKj)ectively in the washed coal. 

llic first of the bumping tobies to use a tnMiHvei*8e motion was the 
Bittlnger OontlnuouiiTable^ the invention of which about the middle 
of tlie 19th century marked a gi*eat advance in concentrating machinery. 
In its original fonn it consisted generally of two tables side by side 
made of wood ujwn a sulwtontial wooden frame, etich toble Injing about 
H feet long by 4 feet wide, HUS[K;nded by four j-inch iron rods. The 
toble was pushed by a cam against a strong wooden s])ring, which jerked 
it l)ack sharply against a sulwtantial bumping-block. The result of 
this motion, as already cxj)lained, is to move a particle lying on 
the toble across it in the direction towards the bumping-block. A 


headl)oard al)out 1 foot wide feeds a 
stream of pulp on to the top of the table 
at the side furthest from the bumping- 
block, whilst a stream of clear water flows 
over the remainder of the toble. The 
arrangement is shewn diagrammatically in 
plan in Fig. 277, where A represents the 
bumping-block, B the supply of pulp and 
C the su[)j)]y of cleai* water, the arrow 
shewing the direction in which the table 
is jerked by the spring. It is obvious that 
a mineral |mrticle discharged at B upon 
the surface of the table is carried down 
the table l)y the flow of pulp at a con- 
tinuously increasing velocity, whilst it \h 
moved across the table towards A by a 
series of eciual imi)ul8es. A heavier fmr- 
ticle will be carried more slowly down the 
toble than a lighter one, and at the same 
time its momentum carrying it towards A will be greater, so that of 
two jHirticles the heavier will move further jicross the table l)efore it 
imches the lower edge ; all particles will move in pral>olic curves, the 
lightest being discharged at some point such as a, the heaviest at a 
point such as 6, and particles of intermediate specific gravities at {mints 
between the two. By inserting suitable divisions, any number of 
pnniucts of different specific gravities may he collected as recpiired 
-Sie table in one of its original fonus is shewn in plan and in section 
on fne line ii? in Fig, 378, anil in longitudinal section on CD in Fig. 278*, 
whikt Pig. 379 is a perepective view of it as made by the Humboldt 



Fig. 277. Diagrauj 
of ootion of Hittingor tiihle. 
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'Engindbring Co. in a more modem fomi, in which the wooden standards, 
cam, spring, ^tc. are replaced by iron parts, thus making a more compact 
U8 well as a stronger machine. These bibles are still usually made about 
8 feet long by 4 feet broad, of wliich 1 foot is biken up by the pulp head- 
Iward and the remainder by the stream of clear water. The quantity of 
pulp should Ih! from (ri to 0*15 cubic foot i)er minute for slimes and 
alM)Ut twice as much for sands; the consumption of clear water in the 
fonner case is alK)ut | cubic foot per minute, but may lx; considerably 
incretiscd when coarser material is treated., The quantity of dry material 
that can Ix^ treated ninges from alsuit { cwt. of slimes to about 2 cwt. ot 
sands [)er hour. Acc^ording to the inventor the surface should have a 



Sc*k 

Fig. '27S‘. Kittingor tjible. Sectiimal side olcvatiou. 


slope of fi‘(»m 3 to (> degrees, and the number of blows should vary from 
70 to KM) per minute. The jM)wcr consumption of a pair of such tables 
is about H.P., and one man can readily attend to two such tables. 
Tlieso machines may still be found in occasional use, but have generally 
speaking Ix'eu replaced by others employing the same basal principle 
but having greater working ciqmcity. 

At Diejx'ulincheu^ Rittinger tables with glass surfaces have been 
used; they make 260 strokes per minute and treat 120 lbs. of material 
per hour. 

Kavan of Przibram^ has modified the Rittinger table by replacing 
» Btvg. Ztg. VoL lv. 189tt, p. 13. 
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the latter, 5 feet wide and 8 feet long, by two narrow tables 2 feet 
3 inches wide and 3 feet 3 inches long side by side, throcf such double 
tables being arranged, one below the other, with 8 inch drops between 
them. This coinp{)8ite*table is known as the Kavan Repeating Table; 
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it is claimed for it that it is much lighter than the older form atid can be 
run at 280 to 300 blows per minute as against 100; it will treat 4 cwt 
of Qne sands per hour with a flow of pulp equal to 2*1 cubic feet jier 
minute and an e(|ual ^pply of clear water; the jiower consuinption is 
i to i H.P. • 

The Liihiig Vanner, which is practically identical with the Bilhan- 
Stein continuous shaking table, is shewn in Fig. 280, and the Bilharz- 
Stein Table in Fig, 281, this being the form made by the IIumlKildt 
Engineering Oo. It practicayy consists of a Rittinger continuous shaking 
table, the upjier surface of which is covered by an endless indiarubber 
l>elt, which has a slow motion towards the bumping block side, so that 
the motion of the licit supplements that due to the bumping {iction, and 
thus assists the effect of the latter in separating the heavier from the 
lighter constituents. 

An shewn in the Figure, it consists of a substantial wooden or 
iron frame, from which is suspended a light fmme of wrought iron, 
carrying a drum at either end, over which the rubber licit is stretched. 
The suspended frame can lie adjusted at any desired angle of slope by 
means of the arrangement shewn in the figures. The fi'ame receives 
a series of jerks by means of a cam or a emnk at the motion end, and 
tiic licit is at the same time caused to travel slowly by the revolution 
of one of the drums. The licit is supported at intermediate [Kiints 
by rollers in the Liihrig table, whilst in the Hilharz-Stein table it 
rests ujion w<ioden Iniards, with grooves cut into their iqiper surfaces, 
down which water is allowed to flow so as [iractically to keep the 
belt floating and allow it to move with very little friction. The jiulp 
is delivered over a headboard close to the motion end, clear water to 
•w a.sh the licavier jairtions left on the belt, and ultimately to wash them 
off the licit, lieing supplied by the diagonal piiie shewn, which is suit- 
ably [lerfomted. Along the lower edge of the belt are a numlier of 
receptacle^ or usually one long trough divided by partitions into a 
number of compartments, through which clean concentrates, middlings 
(often 2 or 3 grades) and waste are allowed to flow oft! The great 
advantage of this machine is that it enables as many different grades 
of product to be obtained as may be desired. 

The Liihrig vanner has usually a belt about 12 ft. long by 3 ft. 0 ins. 
wide, travelling at 8 to 10 ft. per minute, and receiving about 180 bumps 
per minute, the length of stroke being i to } inch. It will treat from 
3 to 8 tons per 24 hours, with a power consumption of J to i H.P. and 
a water consumption of 5 to 10 gallons o| clear water per minute. The 
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JMlharz-Stein tabic has a 3 ft belt and is worked at about 160 impulses 
|K}r minute. • Its cajMicity is from 2^ to 7i tons ihjf 24 hours with a 



jK)wer consumption of about \ h.p. and a water consumption of 7 to 
1 1 gallons i>cr minute. At MUhleubaeh^ these tables work at 200 strokes 


Btiyi. It. Hilft. ZUj, Vol. LV. 1896, p. 15. 
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per minute, the rate of tnivel of the l)elt l)eing 1 1 ft jKjr minute f it treats 
4} cwt. per hour with a clear water coiwumptiou of about *12 gallons |)er 
minute. 

The Wilfley Slime Table, Fig. 282, is a somewhat similar machine, 
except that the continuous belt is replaced 6y a numl)er of aeimrate 
shallow trays or cornimrtmeuts, the bottom of each of which is covered 
with canvas, linked together so as to forni a lx3lt, the long axis of the 
tray lying across the width of the belt and therefore at right angles to ik 
direction of motion. Eacli yiiy inukcs a complete circuit of the machine 
in about half an hour and receives alsmt IHO impulses [>er minute. The 
gradient of the trays and the flow of water are so adjusted that the 
lighter worthless portions flow off* the trays, whilst the heavier slimes 
remain on the canvas surface and are washed off’ as tliese pass to the 



Fig. 28*2. Wilfley sliinc table. l’erH[>ective. 

•uiidersidc of the machine, which thus makes only two grades, namely, 
concentrates and tailings. Its ca{)acity is said to l)c 15 tons in 24 hours, 
and its power consumption 1 h.p. This iiuudiine is comparatively novel 
and has n^ t yet been introduced into general use. 

An important grouj) of machines has come into extensive use within 
recent years, the [)recur8or of all of which htis lieen the Wilfley table, 
this being the first to introduce certain novel principles. Tliis table 
consists essentially of a Rittinger table, the up[)er surfacje of which 
is covered with a series of grooves or riffles at right angles to the 
direction of flow of the pulp, these grooves being deepest at the end at 
which the pulp is admitted and gradually running out to nothing at the 
further end. Tlie motion is not a true bump, but its e(iuivalent, produced 
either as in the Wilfley table by a quick forward stroke and slow return, 
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or as in the Ferraris table by a throw upwards in one difection and a 
movement downwards in the other. 

■hie Wilfley table is shewn in plan and section in Fig. 283 and in 
perspective in Fig. 284. It consists of a tmpezsidal table, the shape of 
which is indicated in Fig. 283, Iniing somewhat narrower at the upixjr 
than at the lower end, and about 16ft. long by 7 ft. maximum width, 
its length being not as in the Rittinger table in the direction of 
flow of the pulp, but at right angles to it. The table is 8U[)iM)rted 
so as to Imj cajmble of moving Mely, and is moved by a link motion, 
which gives it a (piick throw forward—i.e. away from the motion end— 
and a slow movement Imckwards. The table is covered with linoleum 
and slopes upwards from the motion end, the totol sloi)t‘ Iwing about 



Kig. 284. Wilfley ttU»Ie. I’erHjHjetive. 


I inch ; on the table are nailed a series of strips of wood, alK)ut | inch 
wide wliich gradually increase in length from the upi)er to the lower 
edge of the table, (xicupying nearly the full length at the lower edge. 
These strips are | inch deep at the motion end and taper out to a 
feather edge at the discharge end, so that the ritflcs formed by them 
gradually decrease in depth from | inch to nothing, the upjKjr surfaces 
of the wooden stri[)s l)eing nearly horizontal. The table also has a tjlope, 
atyustable at will, from the back to the front edge. The pulp is delivered 
over a headboard about 3 feet wide, close to the motion end, the rest of 
the table receiving a supply of clear water. Assuming the table to he 
in motion, the pulp flowing down fills successively the deep ends of the 
riffles; in each riffle separation takes plaoB, the heavier particles sinking 
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have reached a portion of the riffle nft Hhjilll>w tliat they can be carried 
(»ver by the Ktreani of clear water into the next lower, and ho on. The 
ultimate renult in that the heavicHt particles are dischar/^ed from the 
riffles at their ends, whilst the lij^htest run strai^^ht across the table, 
intermediate products l>ein^ obtained at intermediate imints. A certain 
pro[K)rtion of michlliiij^s is collected by a raff wheel, and returned by it 
t(> the headboard, although the utility of this arrangement is oi>en to 
question. This arrangement of riffles, (jombined with the great length 
of the table in the direction of mechanical motion thus accentuates the 



effect of the Rittinger table and causes the Wilfley table to be a far 
more efficient machine, separating the different classes over a greater 
distanw. It also allows of a greater speed of working, and thus pro- 
duces a maSiine of large caiwcity, Avhich, when once atljusted, requires 
very little attention. It can trwit comparatively roughly sized stuff, but 
is not suited to fine slimes ; it am treat jmrticles up to J inch in diameter 
(juite successfully. The machine makes on an average 240 three-quarter 
inch strokes per minute, and riHpiires mther over 1 h.p. to run it and a 
supply of winter vm*ying from :> to 20 gallons j)er minute according to 
the nature of the pulp treated A table will treat on an average 30 tons 
per 24 hours, but h\s been known to deal satisfactorily with more, up to 
50 tons having been treated on one table. The machine weighs 22 cwt 
and costs about 

A table working on similar principles is the Bnii Table, or Mbrig 
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Vanning Table. It is shewn in Figs. 285 and 285*. Tlie table's moved 
by a simple eccentric, but as it is supported on springs which sloiie 
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liwolemu ; the patentees state that it may either be used [daiii (like 
the Ritthiger Uible) or provided with riffles (like the Wilfley table), the 
latter being the more usual an-angement. The riffles are set oblicpicly 
across the table sloping downwards from the motion end, for alK)ut 

J of their length, and then 
slojK? still more rapidly to- 
wards the lower edge of the 
table, Ixiing carried out (piite 
(!) the edge. The suHace of 
the table is 1 G feet long, and 
it is 7 feet G inches wide at 
the motion end and 4 feet 
G inches at the discharge 
end. It is supported u|K)n 
•£ IG springs made of ash 
i pivoted at their lower ends, 
^ and the stroke of the eccen- 
^ trie is variable. The speed 
? at which the table is run is 
.* to 2i)() strokes ])er 

g minute ; its power consump- 
^ tion is given as J to 'f H.i” 
*1 and its water consumption 
Jis G to 9 gallons per minute. 
Its weight is 2J tons and its 
price is £80. It is said to 
be capable of treating 12 to^ 
8G tons per 24 houi*H. Fi'om 
dat{it)ubli8hedby Mr Dietzsch 
of the working of eight such 
tables at the (litters United 
Mines \ Cornwall, it would 
seem that each table there 
treated alx)Ut 8^ tons of ore 
(Hjr 24 hours. 

Tl»e Ferrarli Table^ Fig. 280, is very like the last, lading supported 
and driven in tlie same way ; the surface is also covered with linoleum and 
HUppliiHl with longitudinal riffles. It is built by several makers, among 
the best know n lieing the Krupp Crusonwerk Company ; they make two 
* Tmtt. M, Met. Val. xv. I(K>5-a, p. 2. 
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and itff capacity is from 9^ to 14 j tons j)er 24 hours. Its weight is 
aiwut 2 } cw{. and its price is about £90. 

llie HinallcT table is ti*ajK‘zoidaI, 9 feet long by 4 feet 6 inches wide 
ta[jeriiig to 2 feet 3 inches ; it makes 380 8trokes,and requires 2f to 
gjillons of water [>er iniimte ; it requires J h.p. to drive it, and it will treat 
fj to 10 tons |)er 24 hours. Its weight is alsnit 1 ton and its price about 
£07. 

The Overitrom Table, Fig. 287, is carried on rollers, is rectangular, 
and has ritHes sloping in the opposite direction to the Buss table, i.e. 
upwards from the motion end * * 

The Bartlett Simplex Concentrator consists, as shewn in Fig. 288, 
practically of tiu’ee narrow Ferraris tables, placed one above the other, 



Kig. ‘iSS. siuii^ex coiicoiitrutur. P('rsiK!ctive. 


»o that the material to la* dressed undergoes treatment at three 
successive levels. , 

I1ie surface of the table is covered with solid indiarubl)er in which 
the rittles are moulded, there Injiiig on each deck 1 3 riflles, 1 inch aimrt, 
i inch deep at the feed end running out to nothing at 9 inches from 
tile discharge end. 

The overall dimensions of the bible are 12 feet 4 inches long by 
5 feet 8 inches wide. It is usually run at 240 to 250 strokes per 
minute with a one inch or 280 to 300 half-inch strokes. It takes i h.p. 
to drive it, and will treat on an average 25 tons per day. It weighs 
about i ton and its price is alxmt £7o. 

It is manufactured by the Colorado Iron Works Com|)any of Denver, 
Colorado. 

Another table t>f this class is the Oammett Table made by the Denver 
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Ilngineeriiig Works and shewn in Fig. 289. The table is rectangular in 
plan, about 16 feet by 6 feet and is covered with painted canvas ; it is 
supported on slides so as to swing steadily to and fro, the motion lieing 
given by a cmnk and* slotted link, the table lieing kept up to its work 
by a spring. It is said to take ^H.P. to dri^ it, to be able to ti*eat 
stuff from 8 mesh down to slimes, with a capacity of from 10 to 40 tons 
per 24 hours and a consumption of wash water ranging from 5 to 20 
gallons per minute. It weighs, complete, about a ton, and costs about 
£90. 

Several rotatory shakiirg tabfes have lieen devised, which may lie 
said to l)ear the same relation to vanners or to the Rittinger table that 
the Linkenbach table does to the flat table or frame. 



Fig. 2SU. ( kinniett kbit*. Perspective. 


The best known of these is the Bartsch Table’, Fig. 290, which 
• though it has not come into extensive use, is well spoken of. It is con- 
structed like the liinkenbach table (see p. 330) with a rotating headUiard, 
collecting gutters, water sprays, etc. ; the table, however, instead of 
bfj )g is carried on rollers or springs and receives a series of 
tangential impulses or bumps, produced by the motion of a cam shaft, 
the cam thrusting the table steadily against a spring, which jerks the 
table back sharply, the direction of the jerk l>eing opiswite to that of 
rotation of the headboard and fittings. The headboard consists of a 
circular trough perforated for about | of its perijdiery ; the pulp 
escapes through the perforations and flows directly on to the table, 
down which it runs, the lighter portions running down almost radially ; 
the heavier portions, flowing less rapidly, remain longer on the table, 

^ Zeitsekf Berg, Hiitt. n. Sal.-Weeen^ 1893,1). j07; B. u. H. Ztg. Vol. m. 1893, p. 175. 
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and are therefore exposed for a longer period to the action of the 
impulses, which carry them to a greater angular distance from the iM)int 
where they are fed m, before they flow off at the outer edge of the 
table. The action is thus pmctically that of % Liihrig table in which 
the impulses are tangential, whilst the surface of the table I'ofrites 
relatively to the ]:)08ition of the headboard, clear water feed and 
receiving launders, instead of l)cing in linear motion. It is obviously 
unimportant as far as the principle of the machine is concerned, whether 
the surface of the bible nll)ves whilst the fittings are at rest, or vice 
verm. A IWtsch toble VA feet in diameter is capable of treating 9 to 
10 cwt. per hour ; it weighs al)out r)J tons and costs about £200. 

The Sparre Table was an earlier form, practically identi(;al with 
the Hartsch table ; it appears never to have come into extensive use. 

A small machine, working on a somewhat similar principle, known as 
the Hendy Concentrator, was at (me time extensively used in the 
Western States of North America; it has however gone entirely out 
of use. 



( WAITER X. 

• f 

PNI<:iIMATIC SEPARATION. MA(;NET1(’ SEPARATION. ELEC- 
TROSTATIO SEPARATION. SEPARATION BY SURFACE 
TENSION. 


Pneumatic Separation. 


I^NEUMATic HciMiration Ik the term applied to the separation ofbodies 
moving; or falling in air, in contradistinction to hydraulic sejiaration, 
when' the medium in whicli the action tukes place, is water. 

It has l>een shewn in (1ia[). V, p. 220, that two sjdierical bodies will be 
equal-fallinj,^ if their diameters and speedfic gravities are to each other 


in the ratio 


/> Si-H 


, where IK IK are the diameters, and N, N, the 


Hpecitic gravities of the resp(‘ctive particles, and s the density of the 
medium in which they fall, 'rherefore in an aggregate of particles of. 
density S and N, (*S ladug greater than N,) and of all sizes ranging from 
the simdler diameter JJ to the greater />,, all the particles of the heavier 
material will fall faster than any of those of the lighter, jirovided that 


i>i is less than /> \ so that the smaller the fraction 


the 


greater can 1 h' the ditterence in diameter of the particles without inter- 
fering with the completeness of the separation, or in other words, the 
more eflicient the sepanition. When the medium through which the 

S-\ 


jmrticles fall is water, this fraction becomes * , whilst when the 

Oj — 1 

medium is air, it l)eeomes , and as the former fraction is necessarily 

Ol 


smaller than the latter, it follows that pneumatic setiaration can never 
1)0 as efficient as hydraulic sejiaration, (juite in'espectivc of the merits 
of the machines employed. Furthermore pneumatic separation is only 
possible when the jmrticles are thoroughly dry, so as to have no 
tendency at all towiirds clojgppg or clinging together. Since there are 
very few mining districts tiiat produce such absolutely dry material, the 



Pmiumtie Separation . 375 

• 

scope of the application of pneumatic separation is limited, unless 
th(^ material to be treated be artificially dried, a process that is always 
a somewhat costly oiw. Finally the cost of dry crushing is always 
greater than that of wet crushing. Accordingly these three inherent 
drawlmcks, the lower efficiency of the se|)aration, the need for })erfectly 
dry material, and the cxiKjnse of dry crushing, have caused pneumatic 
concentration tx) l)e co?\fined to certain j)ractically rainless districts such 
as Western Australia, Arizona, etc., where the great scarcity of water 
makes it impossible to employ hy(fraulic separation. 

Tlie advocates of pneumatic sei)anition claim that tlie greater mobility 
and liglitness of air as compared with water is an advantage, as it enables 
lighter machines to be used, and these to be run at higher sj^eeds; dry 
fine sands form a loose mass, readily iKjnetrated by compressed air, whilst 
they pack tightly under the action of water, e.g. on a jig l>ed, m that 
much finer sands can be treated pneumatically than hydraulically ; 
furtherino’c fine slimes are apt to be carried off by a stream of water 
that would be saved in air. They also point out that air forms a medium 
everywhere obtainable, md liable to freeze, and exerting no chemical 
action upon the minerals. 

(t is doubtful whether all these claims are well founded. Jind in any 
case it is certain that in practice they have la‘en found not to outweigh 
the disadvantages above enumerated, 'flie views held by most authorities 
on tb*- subject of pneumatic concentration have been well summarised 
by l)j James houglas’ as follows: “the result has gcaierally proved so 
much less peifect tlian that atUined by wet concenti’ation, and the 
maintenance of the machine in repair so much more costly, that the 
system, whatever support it may obtain from theory, has not nuule 
headway where water is available.” 

Pneumatic separation will therefore be but briefly considered 
he!v 

\'arious principles arc employed in pneumatic separation, which 
are counterparts of those already considered under hydraulic separ- 
ation. Tliese principles are: 

1. Submitting the material to Im) dressed to horizontal currents of 
air, when the lighter will be carried further before they tall to any given 
level. 

IL Submitting the material to intennittent currents or pufls of air 
in a more or less vertical direction, when the heavier particles will fall 

‘ Tratif. Araer. Imt. Min. Eng., “American Improvements and Inventions in Ore- 
crushing and Concentration,” by James Douglas, Vol xyi. 1S94, p. 328, 
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Bjpiiiwt the ptiffii .of air more rapidly than the lif;htcr (articles ; this is 
iiHiially spoken of as pneumatic 

III. rVojectin^ tlie material to Iw Mcparated through the air, when 
the heavier jMirticlcH whl l)e carried a greater distance than the lighter 
ones — provided of course that the very fine dust, that has little or no 
tendency to fall, l)e removed. 

IV. Keeping the mineral particles in a state of mobility by ascending 
air currents, and in this condition submitting them to bumping action 
on a shaking table. 

A few examples of appliances employing ea(!h of these [U’inciples will 
l>e considered. 

I. Methods depending on the apj>lication of horizontal air cur- 
rents. 

One of the most elementary metho<ls is tlie so-called “ Dry-blowing” 
formerly practised, e.g. in Western Australia’, which consisted in tossing 
up the fine portions of auriferous alluvial into the air when a breeze was 
blowing; the wind e4irried away the lightei’ materials whilst the heavier 
gold dropf)ed straight down and was caught. Some simple machines 
have U^en devised in which the steady action of a blower is substituted 
f(tr the capricious etfect of the wind ; these take the form of a pair of 
Ik'IIows or a small handbhiwer seJuling a blast across a tray furnished 
with transverse I'inies, or some eipiivalent device, for col^ting the 
heavier material, whilst the lighter is blown away. ^ 

Kdison has used this j>rincij>le in conjunction with magnetic separation 
f(>r removing the lighter and finer particles, which contain a larger 
j»roj)ortion of apatite, from the heavier grains of iron ore. He allows 
a stream of ore to fall in front of a series of practically horizontal bhists> 
of air produced by a blower ; tlie heavier grains fall almost straight 
down, being deflected but little from their }«iths by tlie blast, whilst the 
lighter is carried into dust chandlers where it collects, or is blown straight 
out into the air. 

A very similar arningement Mas used in conjunction w ith an appliance 
known as the Niagara Pulveriser, a dry crusher, the product of which 
was sejiarated into grades by an air-blast, carrying it through a number 
of different chandlers. 

The same princijile has lieen applied to cleaning coal, esiiecially in 
(jrennany. 

Hochitraate’i Apparatui at the Kheinpreussen Collier}' for the 

* Tmm. Amm. Jntt. Min, Eng^ “The Alluvial llcposits of Weuteni Auatralia,” 
by T, A. Rickard f ol xxvru.^ im, p. m. 
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t^itment of fine coal m shewn in Figa 291 and 291*'. It is appli,Hl to coal 
tha| has paaed through a screen of 1-6 inch mesh; this is fed into a 



rSl fro™ 

0 28 inch, 0 47 inch, 0-8/ inch, and OK? inch respectively. Each of these 

Zeit$ch. f. Berg, flint, a. S(U.- tVei xxr isfis. R n oun ti 
and 7969. V 3432 
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jiaHwes to a Hijparate pneumatic appfiratus. The entire mass of falling 
coal Blidcs down an apron P, at the bottom of which it is caught Ijy a 
blaHt of air coining from a fan n through a narrow slot d, and is carried 
thereby up a l)ox c inclined at an angle of 60“ and of such width that 
coal particles over O’OO inch in diameter, together with correspondingly 
smaller particles of shale, etc., are dcjiosited. Iron bars g are so placed 
that the blast is niu(;h feebler along the lower wall of the l)ox than 
elsewhere, so that these particles can roll down, behind the partition b. 
At the end of the inclined box there is a \^ertical wall / against which 
the flat scales of shale strike and drop down with the other particles. 
All these Inixes oi>en into a (Munmon air-chamber i\ which is divided 
into three compartments, in which the fine coal dust is deposited, and 
whence it is removed by screw conveyors. The clean dust-coal tlius got 



Fig. 2U1". ll«K.‘li.str.ui.te <lry coal cleaning machine, Flan. 


forms alMUit } of the whole, and is sjiid to k' s])ecinlly valmible in the 
manufacture of coke. The coaiNcr portions are treated in the hydraulic 
separators, the construction of which will k' evident from the diagram. ^ 
An almost ideutiail appliance is used at the Zollverein Colliery^ in 
Flssen, where dust up to (F28 inch in size is blown out from the coarser 
coal by a IVlzcr fan. It jMisses into a ls>x inclined at -la®, down the 
bottom of which fine coal from 61 6 to 6*28 inch in size rolls, whilst all 
btdow 612 inch is carried into an air-chamk'r of 2,566 cubic feet capacity ; 
the finest material settles here and is removed by a conveyor kit 
The Ibwhstnuite ap[)5iratus has undergone some mtidifications, 
whi(di are stated have improved its efficieiuiy. The improved form 
is shewn in Fig. 2621 The undersize from the trommel F, mth screen 
of 0*28 inch mesh, dro|)s at A past a blast issuing from an opening 80 
inches by 4 inches; any coal that falls pjist this blast fidls down the tuk 

‘ Z(tit*ch,J\ Berg. HiiU. u. Vo), xxxv. 1887, B. p. iU. 

» Ibid. Vol. XLII. 1894, B p. 235. 
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C and ia exposed to a second blast at A* through an opening KiO^nches 
longhand 1*6 inches \\ide. The heavier particles continue their fall 
through C into the watar*-trough 1 ) ; the lighter particles are as before 
carried by the blasts up the inclined boxes /^land into the dust 
chamber E. 

II. Very many machines working on the “air-jig" principle have 
been devised, but none seem to have come into pennanent use. 



The Paddock Air-Jig^, Fig. 29:1, consists of an inclined bed formed 
of an iron grating over which a piece of stout cloth is firmly stretched, 
held down by a diagonal grating of brass 8trij)8, the distance apart of 
which varies witli the nature of the material to l)e treated, and above 
this is a second grating, almost at right angles to the lower one. 
Below the bed are bellows worked by eccentrics, capable of ready adjust- 
ment, and giving from 400 to 500 puffs of air per minute. There is a 

» Eng. and Min. Journal, Vol XLii. 1886, p. 7 ; Jram. Amer, Inti Min. Eng. Voi. 
vm. 1876, p. 148 Eng. and Min. Joamat, Vol, Liv. 18(12, p. 130. 
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hopj)er*at t^e head of the bed through which the material to be treated 
is delivercwl on to the bed ; under the action of the puffs of air^ the 
heavier nmtcrial settles into the lower grating which it is guided into 
its discharge, whilst fiiijp;r-l)ars separate out the midfilings, and the lighter 
tailings are discharged sejmrately, from the uj)per gmting. The machine 
is siiid to have treated successfully material ranging from 85 up to 
140 n»esh ; beyond the latter the machine did not give satisfactory 
results, llie finer sizes can l>e treated at the rate of 1000 to 1200 lbs. 
and the coarsei* at the rate of 1501) to fOOO lbs. per hour. 

The Krom Pneumatic Jig\ Fig. 204, consists of a bed composed of 
hollow bars of this section fl, made of brass wire sieving, placed from to 



Fijr. -MKC I’luMitck l*crs|KH'tive. 


j iiicli apirt, the lower portion of the interspaces kdng filled with strips 
of wood so that air can only enter through the holl(»w bars. The air is 
8Up[)lied in puffs at the rate of about 500 jHjr minute from a small fan, 
which is sus[)en<kHi and caused to vibrate. The k'd is about 6 inches in 
width; at one side of it the ore to k dressed is fed in through a hopper 
and i!) its fmasage across the bed the heavier portions settle down between 
the bars and fall into a reservoir klow the laxl, which is always kept 
full, material king discharged from it by a ribkd roller. The lighter 
tailings are di.scharged over a tailboard at the tfpposite side of the 

* r«itCKl States ('anteimial C'ominisMou, Iiiteniatiuiial Exhibition, 1876. Reporti 
md A tamit, Group 1. p. set ** 
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screen, The machine weighs 1200 lbs. and is said to be capable of 
treating frOin to 12 tons per 24 hours and to require J H.P. It is said 
tt> l)e t;u{»able of treating material as fine as 140 mesh. * 

The Wetzlar THerra Seca concentrator, Fig. 295, consists of a bed of 
c()rrugated jKjrfbratedInetal upon which rests a layer of suitable material, 
corroHjwnding to the laid of an ordinary Harz jig ; copper shot has l)een 
found to answer most purjswes. An intermittent current of air is drawn 
through the lied by means of a fan. The material to be treated is 
delivered on to the bed from a hopper, and as it passes over the bed 
tile heavier particles fall through the latter and accumulate in a Ikix 



Kik. I'upe-llouueltorj? sepurutor. 

fieueath, whilst the lighter tailing's pass along and are discharged at the 
lower end of the l>ed. The largest size machine was stated by the 
inventor to have a ca|Mvcityof 20 to .‘io tons jxm- 24 houi-s, and to require 
} H,P. to work it. 

111. A few ccntriftigal se|)arator8 have l)een tried, but api)ear not 
to have met with much success, 

Thc..Pape-Heiineberg seywirator*, shewn in perspective in Fig. 296, 
and in plan and vertical section in Fig. 296‘, consists of a disc of steel 
plate, IH inches in diameter, which revolves about a vertical axis at the 
rate of 2(KK1 to 40tK) revolutions per minute ; over this is a fixed plate 
‘ Om«r, ZHUckf. Ber^ w, HiUt.-Wmth 1893, p. 529; 1894, p. 68. 
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by a n^jnber of concentric trougha, the largest being 20 feet in diameter. 
The ore thdt drnjw on to the rotating disc is flung outwards and is 
collected in the concentric troughs, the hea\ieHt [articles iwing in those 
of largest fliaineter llotatiiig scraixjrs push 1,110 collected material 
through openings in tlfe Ixittonis of the troughs. Beneath the rotating 
disc is a vertical pijie lemling to an exhaust fan, which draws off* all 
the very fine dust, and which, by creating an air current that ojiposes 
the motion of the iiarticles, improves the separating action. The con- 
tents of each ring can Ik? separated by sizing into heavier and lighter 
particles. The capacity of the machine is said to l)e 24 cnt. per hour 
with a iM)wer consumption of h.p. This appliance has been tried in 



Kig 211". (’lurksou-Stiiulield wjjamtor. Pompeotivc, 


many places, notabl\ in Western Australia, during the years 1H91— 94^ 
but ap|K?arH to have lK‘en altogether alatndoned. 

Tlie ClarkioQ'Stanfield concentrator, shewn in jH?rHi)ective in Fig. 
297 and in diagrammatic section in Fig. 29«, was tried for a while about 
the year 1H99 in North Wales. As shewn in the figure, it consists of a 
grooved disc alKUit 20 inches in diameter, revolving at a high speed aliout 
a vertical axis. < )ver it there is another disc connected with the lower end 
of a hopper from which the finely divided material, closely sized, drops on 
to the revolving disc. The jmrticles are jirojected radially and those 
of highest sjiccifie gravity are thrown furthest from the machine liefore 
they drop; the different products arc collected in annular troughs. 
It is stated that one of these machines .'i feet in diameter can treat 
fiO tons of mineral in 24 hours with a power consumption of 3 H.P. 
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IV. A certain number of appliances combine the actmn of a 
shaking table with that of an air*jig, or use pufi’s or currents of air 
to keep the mineral [mrticles in a state of mobility, whilst the actual 
separation is effected *mainly by the shaking |ction. 

To this class l}elougs the Sutton-Steele table^ shewn in longitudinal 
and transverse vertical section in Kig. 2IM). This is arranged somewhat 
like a Wilfley shaking table, the inclination from back to front l)cing 
acyustable, whilst the throw is [)roduced by a cam working against a 
l)ell-crank lev(T, and thus goinju’essing a spiml spring that jerks the 
table biek. The top of the table consists of wo(Klen slats, l)eneath which 
is an air-chamber that I’eceives a steady bhist of air from a fan ; upon 
these slats n^sts the true table top consisting of (jloth readily i)ervious to 





2!)8. (JliirkHun-Stimtiold cdncontnitor. I )iii}fraiimiatic vertical Hection, 

air, whilst on this again are fastened tafHjriiig riffles, exactly like those 
of the Wilfley table. Diflerent grades (ff cloth are used to corresjtond 
Vith the hoeness of grain of the material treated, and the arrange- 
ment of the riffles ctin also he varied as desired. It is generally 
worked with a very low pre^ssure of blast“alK)ut i oz. to the square 
inch- and i »'(in at alK)ut 400 impulses per minute. It is said to have 
given very good results in separating lead-zinc ores. 

Magnetic Separation. 

The possibility of the magnetic separation of minerals depends upon 
the manner in which minerals are affected when placed within a magimtie 
field. Faraday enunciated the important principle tliat bodies brought 
within a magnetic field will tend to move from places of weaker ta 

^ Eng. and Min. Joum. mil. 1906, p. HffB. Brit Pat J7,661, 1906. 
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which it acts ui)on another pole at a given di 8 tana»(the unit of strength 
being that of a pole thus capable of exerting a force of 1 dyne at a 
distance of 1 centimeter) or m it is often sbited a magnetic field of 
unit strength is one that contains 1 line of fiyce i)er scpiare centi- 
meter; the field strength is usually denoted by H. Such a magnetic 
pole is capable of inducing magnetism in a Iwdy placed within its 
magnetic field, and the magnetic flux or magnetic induction jKir 8 ([uare 
centimeter is usually denoted by li. The amount of this magnetic flux 
depends, other things being eyual, u|)on a proi>erty of the body known as 
its permeability, in virtue of which it allows a greater or lesser number 
of lines of force to pass through it; the |)ermeabilitv of air is token as 
the unit, and the |)ermeability of other lM)dies is denoted by /i. 

Hence yj and g for air = 1 . 

The intensity of niagnetisjition of a Ixxly placed in a magnetic field 
or its magnetic moment per cubic centimeter (=i>ole strength ]>er s(j. 
centimeter) is denoted by /, and the force with which a magnet attracts 
the Ixxly may be token as proportional to /, provided that it is permissible 
to neglect the effect which the body may exert upon the strength of the 
magnetic field; this is practically always the case in magnetic sei)amtion, 
where the strength of the magnetic fields empdoyed is veiy great relatively 
to the magnetism induced in the particles of mineral. The magnetic sus- 
ceptibility of a Ixxly is the ratio of the intensity of magnetisation to the 
strength of the magnetic field producing it, or denoting this suscejUibility 

by Kf ^ = The magnetic flux is due to both strength of field and 
intensity of magnetisation, so that 

B-H ■\- Itt/, or /ti = 1 + A’jtk = 1 -f 

Under the ordinary circumstances, such as obtain for example in a well 
constrjicted electro-magnet, the jxjrmeability of good soft iron (the most 
permeable Ixxly known) is about 2000 , but g is not a constant, and for 
the same piece of iron under different conditions it may range from less 
than 2 to over .> 000 . In the case of iron, which has been most studied, 
/ attains a maximum value with comparatively low values of /f, so that 
/X increases mpidly at first as U increases, and then diminishes almost as 
rapidly as H continues to increase. The magnetic susceptibility of a 
body depxjiids therefore not only on the substance itself but upxm the 
conditions to which it is ex|)08ed; hence detenninations of the suscepti- 
bilities of various minerals can only be tali^n as general guides to their 

25~2 
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behavid^r ii| a rna^aietic field, the numerical detenniiiatioiia holding good 
only for the HiKJclfic coiiditioiw of each experiment. 

It vm however be stated generally that if two particles of mineral of 
difierent magnetic HUHeeptibilities la; introduced into a magnetic field, 
they will tend to move towards the strongest part of that field with 
different degrees of force, the mineral of greater magnetic susceptibility 
Ixung of course the more |)oweifully acted on. If this difference is 
sufficiently great, it may la‘ used as a means of sef)arating the minerals 
from each other ; in practice it is usual tonelect a strength of field such 
that tlie force acting upon the more susceptible is siifticient to cause it to 
move, not infre(|nently in o|)[)osition to gravity, whilst that acting on the 
less susceptible is unable to overcome the resistance to motion offered by 
the particle. 

It is therefore necess;iry first of all to know the relative magnetic 
suscej)tibiliti(‘s <»f various minerals. Pliicker in attempted to 
determine these for a few minerals and gives the following as the 
ratio (»f magnetic susceptibility of certoin bodies as compared to iron: 


Iron 

1(K),(KK) 

Magnetite . 

40, (KK) 

Spathic iron on* 

767 

Haeinatiti! 

7M 

S{)ccular iron orii 

m 

Lhnonite . 

296 


An elalM)rute series of tests has lx*en j)ublishcd by \V. S. Crane ^ in 
which he has determined the tmetive force exerted upon various 
powdered minemls by a powerful magnet. He shewed that under the 
conditions of his tests, the tractive force varied directly as the weights of 
mineml acted on, and that it varied directly with the magnetic flux or 
the intensity of magnetisation. He found that the mechanical condition 
of the material aft'ected the |XTmeability very greatly; thus wrought or 
cast iron in filings or in grains had a permeability of approximately 
J of that of the same material in the form of bars, whilst w ith minerals 
of low susceptibility the tractive force is greater the smaller the sisse of 
the t)articles. 

The nnijority of the tests were made with a field [)r(Mlucing a magnetic 
flux of the order of 10,000, and for finely divided material in each case, 
crushed to iiass 100 mesh ; the tractive force exerted ufKin the substance, 
expressed in jMjreentages of the weight of the 8ul)8tJinas is also given. 


According to Mr Crane’s experiments. 


tractive force 
weight 


hence the 


^ Tram. Amei\ laH.Win, Eng. Vol. xxxi. 1902, p. 405. 
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susceptibility is proportional to these figures. The following ifre some 
of his more important results : 


Mineral l Permeability (m) ! Trictive force 

r ' I - 

(Iron 2'1617 ! THWrHl) 

Magnetite 1-4669 ‘29,140'00 

Franklinite 1-4112 ; 26,942-15 

llmenitc 1-2H71 i lH.r)(X)-21 

ryrrliotit(‘ . ... 1-07H2- 1-0775 '4H98-4H -1.%H-H9 

Zircon •! -029:^-1-0019 | 5i:t90-.Wl 

Hatiinatite 1-0242- 1-(K)81 ; 42:1-94 -149-90 

Cloruniluni 1-025:1 - 1-0018 i 44:1-42-62-87 

Sidcrite 1-0264 1-0216 ; 452-98- 676-05 

llhodonite 1-0176 640-45 

Linioiiite 1-(K)99 i 174-10 

PyroluHite 1-0088 1-0078 155-:i4- l:-16-85 

PyritcH 1-0064 1-<KK)7 , 112-91-12-66 

zinc blende 1-(H)57 -1-(KK)7 i 101 -00 16-51 


For all other minerals fi is on the average under F0()6, and for 
the purer specimens ])rol)al)ly considerably lower. In most cases 
where there are marked variations in the permeability of si>ecimens 
from different localities, this is probably due to variations in the per- 
ct^ntiigc of iron jiresent, either as a constituent of the mineral or as an 
imparity; this is very ])robably the case with zircon and corundum. 

Very great variations are however observed in some cases where this 
explanat’on is not sufficient ; for example some s[)ecimens of ilmenite 
(or it Miy rate of titaniferous iron ore) are so feebly magnetic, that 
magnetite may be sefiarated from them so comjdetely that the resulting 
concentrate contains hardly a trace of titanic acid ; whilst with other 
syiecimens (e.g. from Taberg in Smi\hmd, Sweden) it is impossible to 
ettect any magnetic separation lietween these minerals, and the con- 
centrate is richer in titanic aedd than the crude ore. 

.SiK-h variation is shewn also in the determination of the magnetic 
I)ermoabiIitii ;i and susceptibilities of a few minerals from different Swedish 
localities by K. Holm', the highest and lowest values lieing as follows: 


Mineral 


Magnetite 

Specular iron ore 

Garnet 

IVroxene 

Hornblende 


I’ermeability {ft) 


3-62—5-71 
1-0122- 1-0192 
1-00404- 1-00844 
1-00164-1-0328 
1-00281-1-0112 


Huflceiitibility («) 


! 0-208-0-375 

' 0-0fX)974 -0-00152 ' 
0'000322-0-(K)0672 i 
0-000130-0-(X)261 
0-000184-0-(XX)891 i 


* JemkontoreA* Annaler, “UnderBSkning Ofveif de magnetiaka egenaka{)enia hoH 
n&gra i svenoka janimalmer ing&ende mineral,’’ 1003, p. ^3. 
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Theic teste were made in a field the strength of which was of the 
order of 1200 to IBOO C.G.8. unite. Further, Mr Holm has shewn, that 
for many minerals also * is variable for different* values of H. 
llius he gets the foKowirjg date for a sample of magnetite : 


;r(r2 

12-7 

l-Ol 

i.*e4 


“ 1-(K) 

41-9 

15-7 

1-25 

4.'iH 

10-4 

0-749 

1170 

5-71 

0-37.7 


indicating that magnetite Ixihaves in a somewhat similar manner to iron 
in this respect Nothing conclusive is knou!) as to the behaviour of 
Ixalies of hm' magnetic susce|>tibilitv. It aj)pears liowever to be tolerably 
clear tliat extremely powerful fields are prejudicial to the seiwration of 
IsMlies of high magnetic susceptibility. It need hardly be said that in 
modern practice the magnets used for magnetic seiairation are always 
electro-magnets, the strength of field of which de[x.‘nds u[)on the strength 
of the current and the immlKT of the wire windings through which it 
[wisses, as long as the limit of saturation of the iron cores of the magnets 
is not exceeded. 

The author has found in one exj>eriment that the crystallised pln)S])hate 
of iron, vivianitts had a magnetic susceptibility of about O'fi compared 
to s|K5Cular ore teken as 1, and of about 0*00.') compared to magnetite. 

It will te noted that there are but few minerals that are strongly 
magnetic in their natural state. It is however possible to conveit 
seveml othei's (all conteiniiig considemble percentages of iron), which 
in their natural state are but feebly magnetic, into strongly magnetic 
forms by suitebly heating them. This opemtion may either l)e simple 
heating in a neutral atmosphere or heating in a reducing atmosphere. 
As examples of the former, spathic iron ore, iron pyrites and chalco- 
pyrite may be mentioned. When spathic iron ore (FeCO*) is heated, 
it is decomjHmed, airlwnic acid is given off, and a strongly magnetic 
residue is left, having according to Dr Wedding the comimsition Fe«0y^ 
Similarly inm pyrites (FeSj,), which is very feebly magnetic, is trans- 
fornmd by heat into a lower sulphide having the composition FeuS«, 
which is strtmgly magnetic. According to some" authorities an oxy- 
sulphide is produced, wldch^is magnetic, but the subject has not yet 


^ Bi4L 4€la Soo, d« Find. Min. Sor. 3, Vol iv. 1900. ». 1201. 
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been fully investigated A very similar change takes plaw with copper 
pyrites, and it even appears possible that in both these minerals the 
change produced by heating may be physical quite as much as chemical. 
These changes can be produced by heating to temperatures not exceed- 
ing 300“ C. 

Dr Wedding^ states that on strongly heating haematite it loses some 
of its oxygen and is converted into magnetic oxide, which is of course 
strongly magnetic. The latter change is however in practice generall.y 
produced by heating in a# reducing atmosphere ; when ferric oxide 
(eitlier in the form of red or of brown haematite) is heated in a reducing 
atmosphere, or in contact with carbonaceous matter, it is reduced to 
magnetic oxide at a low temperature, and the mineral is tlms rendered 
strongly magnetic. This process has kien successfully carried out on 
fossiliferous ore (red haematite) at Birmingham Ala^ where the ore, 
broken to about egg size, wjis heated in a gas-fired l)avis-(V)lby kili», 
using ordinary ju’oducer gas; the kiln would treat 110 tons per day 
of ii4 hours, consuming 390,000 cubic feet of gas produced from 3 tons 
of coal, and th(‘ results are sUited to have ken highly satisfactory. Tlie 
magnetic separation of these artificially magnetised minenils diflers in 
no wise from the treatment of naturally magnetic minerals. 

For practical j)urt)oses it is convenient to divide minemls into three 
groups, according to their magnetic permeability, namely : 

I. Strongly magnetic, including magnetite, franklinite, ilmenite and 
l)y rrh( *tite, cai)able of king attracted and lifted by an ordinary [)ermanent 
magnet (also including the akve-mentioned mineral sukknees when 
artificially produced). 

II. Feebly magnetic, including the more magnetic specimens in 
* Mr (^rane s list, p. 389, say with « > 0*0002, incapable of king attracted 

and lifted by an ordinary i)erinanent magnet, but capable of being 
attracted by a suitably arranged very powerful electro-magnet 

ni. F m-magnetic, or practically incaimble ot king attracted and 
lifted by any ordinary electro magnet 

It is clear that the minerals of Group I can k seimrated magnetic- 
ally from those of Groups II and III without any difficulty, and that 
minerals of Group II can by special arrangements k separated from 
tliose of Group III. There are accordingly two sets of procet^, namely 
processes adapted to the separation of strongly magnetic minerals, and 

‘ l(H’. cit. 

» Tram. Amtr. Imt. Min. Eng., “Note, on the Magnetotion and Concentration 
of Iron Ore,” W W. B. PhiUipi, VoL xxv. 189«, 1*399. 
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processeSf adapted to the sejiaration of feebly magnetic minerak For 
the former either wet or dry mcthcKls may be used, for the latter none 
but dry methods have hitherto been found practicable. 

(jeuerally H{)eaking dp methods can only l)e applied to minerals that 
have Ixjen artificially dried. It must not he forgotten that this fact 
M(nnetime8 gives rise to unexpected difficulties ; thus it is easy to separate 
magnetite from iron pyrites by the wet magnetic method so as to produce 
a concentmte practically free from sulphur. On drying such a mixture, 
however, it is pra(;tically almost ini|M)Hsible to#o regulate the temj)erature 
that none of the iron pyrites shall be decomposed; a certain amount of 
the sulphur is always driven off, producing magnetic pyrites, which 
j)asses into the concentrate and contaminates it with sulphur. 

It must l)e noted that the effect of a suit{ible magnetic field upon a 
mixture of magnetic and non-magnetic particles is merely to attract the 
former, so that the sustaining ca|Kicity of the magnetic field would soon 
Ikj reached unless some provision were made for removing these particles 
and allowing othera to take their place; this may be done (1) by causing 
the magJietic fields themselves to travel: (2) by interposing l)etween the 
magnets and the particles a travelling non-magnetic surface, which 
carries the particles for a certain distance through the magnetic field 
sensibly [Kirallel to the lines of force, umler which conditions the 
iwrticles will adhere to the non-magnetic surface until the motion of the 
latter has carried them into a weaker part of the field, where they w ill 
drop off under the action of gravity or may be thrown off* by centrifugal 
action; tlu^ surfaces in (|uesti(ui may l)e either drums or belts; (3) the 
parti(;les may Ik‘ projected or Ik; allowed to fall, and caused to i)a.ss 
through a magnetic field in^such a manner that the magnetic ones are ^ 
drawn aside from the normal path sufficiently to separate them fr(un the 
lum-maguetic mies ; machines on this princij)le are often spoken of as 
deflection machines. In dry magnetic separators the non-magnetic par- 
ticles are either carried away by l)elts or drums or are allowed to drop 
away from the magnetic field under the action of gravity ; in wet 
magnetic separatoi-s this removal is often assisted by a cui’rent of 
water. These latter ncwdiines are therefore generally the more efficient, 
inasmuch m the stream of water is more effective in washing away 
non-magnetic jmrticles that may have become entangled among the 
magnetic ones. Some dry magnetic sejmratorH use a blast of air for the 
same purpose, and thus act to some extent like pneumatic concentrators. 
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magnet is so wound that these |)oIe pieces are of opposite»polrfHty as in- 
dicated by the letters N and S in Fig. 300 ; the projections at the back of 
the soft iron ril)8 of tlu; drum are thus in contact alternately with one or the 
other set of pole pieces and are therefore altcriAtely of N or S jiolarity as 
long as they are tnivelling (in the direction of the arrow) from B to B. 
The ore to be treated is tipped into the hopper H and is fed on to the 
drum of the machine by a simple shaking tray ; the non-magnetic material 
rolls over the face of the revolving drum and drops into the front shoot; 
the magnetic material adheres to the barrel and is carried round witli it 
until it has passed the point B\ where the iron bars pass out of contact 



Fig. 302. Humboldt course magnetic Hopamtor. l*er«|)ective. 

with the pole pieces of tlie electro-magnet, and are thiw no longer thein- 
solvos magnets, and accordingly relcaae the magnetic particles, which 
drop into the rear shoot. 'Phe machine is made in two sizes ; the smaller, 
having a drum about 20 inches in diameter by 15 inch face and taking 
a current of about 10 ami^res at 35 volts, will treat from 2 to 3 tons per 
hour in pieces not exceeding J lb. in weight ; the larger, with a drum 
about 30 inches in diameter by 24 inches fece, will treat up to 7 tons {»r 
hour, in pieces not exceeding 7 lbs. in weight ; on finely crushed ore its 
capacity is rather less, say about 5 tons per hour. The drum makes 30 
revolutions per minute, and the current required is 16 amperes at 
110 volts. In addition to the power needed to generate the electric 
current, about J ap. is required to drivc^the drum. 
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TIub macliine is one of the very few uia^nietic separators capable of 
treating lump ore, ‘for which purfKwe it is still extensively used. , 

A machine on quite the same [)rinciple hqp l)een brought out 
recently by the Humboldt Engineering Works Co., the apjwjarance of 
which is shewn in Fig. .‘102. The material is fed by the shaking tray 
shewn at the right hand side into a cjising in which it drops uiK)n a 
rotating drum made of brass or similar non-magnetic material ; from this 
drum it falls in a unifonn stream and with a velocity equal to that of 
the magnetic drum, which is constructed very like that of the Wenstrdm 
macliine ; the latter has no effect on the non-magnetic particles, which 
drop straight down off the brass drum ; it attra(;ts the magnetic particles 
and carries them round with it till they pass out of the magnetic field 



Kig :m. Kiiiiif sepanitor. I’erKpective. 


when they drop off. less magnetic middlings not being carried as far as 
the mole magnetic portions, so that this machine yields three products, 
namel), highly magnetic concentrates, modeiiitely magnetic middlings 
and non-magnetic tailings. These machines have liecn used for con- 
centmting calcine<l spathic iron ore in the Siegen district. The 
magnetic drum is alxmt 2 fet^t diam. by 2 ft‘et long, and the electro- 
magnet inside it is wound with .5(Km turns, through which a current 
of 0 anq)eres floifts, a tension of volts lieing sufficient for this purjwse. 
It apjHJars to be capable of dealing with alxmt 2U tons iier 10 hour 
shift. 

A somewhat primitive machine, lUng’t Patent Magnetic Ore 
Separator, hig. .‘MKt, consists of% somewhat similar drum revolving over 
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» stream of mineral fed towards it on a shaking tray, in this dpmi, how- 
ever, i)erraanent magnets arc employed instead of electro-magneta Tliese 
ufachines have been used in Nama<pialand for removing magnetite from 
xjopper ores. A macliine with a drum of i26 imjfies face and 20 inches in 
diameter is said to treat up to two tons per hour of moderately fine stuff 
and to require about 1 H.P. to drive it ; these jKjrmanent magnets cannot 
be made powerful enough to pick up heavier pieces of mineral. 

The Grdndal Coarse Separator is shewn in plan in Fig. .'104 and 



Fig. 304, (jroiida) coarHC magnetic aeparator. Flan. 

sectional elevation in Fig. :^04^ It will lx? seen that it consists of a conveyor 
belt which goes round and is driven by a dniiii, which effects the tmtual 
separation ; the machine may therefore be described as a combination 
of a belt conveyor and a drum separator. It will be seen that inside 
the drum, which is made of bmss or some similar non-magnetic material, 
there are arranged four fixed electro-magnets which produce a strong 
magnetic field through an angle of about 60* above and 60'' IkjIow the 
horissontal plane that paases through the axis of the drum, this l)eing 
the driving portion of the drum agaigst which the belt rest®. Tlie 
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broken njineral is (jarried forward by the Iwlt, and whilst the non- 
magnetic material drops straiglit off the face of the drum, the magnetic 
material adheres to it and is carried round fiirther with it, dropping dff 
at the bottom of the drum. The division l)etwhen the tM'o kinds is* 
caimble of adjustment by moving tlie hinged j)artition shewn in the 
section. Tiiis nuichine can treat 0 to 12 tons per hour of ore broken to 
a 2 inch ring ; the current re(pjired is amjKTcs at 110 volts. With a 
Ijelt 100 feet long set at a grade of 18®, the driving power recjuired is 
5 to 0 H,P. The machine costs alamt UM). 



Kig. 304* {irr»ii(kl uoaixo inagiietic wj)arut<ir. Vertical ttoctioii. 


Kewler*!^ Magnetic Separator, Fig. 805, has been used for 
separating calcined sj)athic ore from blende, crushed from 0*04 to 
0*2 inch. This is fed by a feed roller on to a belt furnished with pins 
of soft iron, which passes over a wooden roller at the head end and a 
cylindrical electro-magnet at the lower end. The non-magnetic material 
drops off at the end of the belt, whilst the magnetic portion adheres 
to the pins, which retain their magnetism as long as they are within the 
‘ ZeH*ehr,f. xui. 18M, B. p 232. 
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field of the cylindrical electro-mapet, and is thus carried to some little 
distance back from the end of the belt, where it is discharge!l beyond an 
adjhstable partition. 

One of the earliest ftiachines used in practice was devised in 1858 by 
M. Sella ^ at the well-known Traversella mines in Northeni Italy, in 
order to separate magnetite from copiMjr pyrites. The finely divided 
and well-dried ore was fed on to a travelling l)elt 15 inches wide carried 
on 3 inch rollers ; over this revolved three wooden discs 20 inches 
in diameter keyed to a horizontal shaft parallel to the tnivel of the 
belt, making about 10 revolutions per minute. Kach wooden disc 
carried 18 electro-magnets fi inches long, 5 inches wide, 1 inch 
thick, set so as to alternate. These magnets picked up the inapetite 
and after the drum had revolved through about 75®, the electric current 



Fig. 305. Kessler's magnetic separator. Vertical section and persjaadivc. 


(here produced by six large Bunsen cells) was interrupted by means of 
a special commutator, when the mapetite dropi)ed ofl’ into a suitably 
disposed shoot. Tlie machine was capable of treating per hour alK)ut 
3 cwt. of ore, which was separated into about § magnetite and J 
copper ore. 

Magnetic Separator, Fig. 306, acts somewhat like the 
last-named machine ; the ore is fed from a hopper A on to a shaking tray 
M 16 inches wide, down which it slowly passes; above the tray revolve 
wheels of aluminium with soft iron studs on their i)eripheries, the diameter 
of the wheels being somewhat peater than the width of the tray. An 
electro-mapet is so arranged as to mapetise the studs during the 
lower half of their travel, by which means the mapetic particles in the 

» ZeiUchr.f. Berg. Hiitt. u. Sal.-Wmen. Vol. ix. 18«1, p. 172; U.S. CmtmmUd 
Communon Report^ 1876, p, 313. 

« The Mineral Industry, Vol. xii. 1903, p 417 ;^Vol. xv. \m, p. 830. 
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ore are lifted up and dropped clear of the tray into the bins B; the 
uon-ma^ictfc ix.ntion is diacharged at G. The electric power required 
isBtatcd to Iw 1 ampere at 1 1(1 volts and the working capacity att)Ut 
I ton [Kjr hour. ^ 

One fonn of Ferraris magnetic weparator acts on a somewhat similar 
princij)le. 

Putiig'i Machine ‘ consists of a disc revolving on a vertical shaft ; 
to the lower face of the disc are atUiched some 20 electro-magnets, the 
lower poles of winch pass througli a trough in which tlie ore to be 
treated is contained, this trough forming about f of a circle , when the 



magnets ptiss Iwyond the trough, the current is cut off and the magnetic 
portion, which had l)een attnicted by them, droj>s off into a suitably 
[)laced receiver. The machine has Iwen improved in many respects by 
Messrs Siemens and Halske. 

2. Machines with fixed magnetic i)oles are very largely used, the 
magnetic mineral being carried through the field either by dnuns or 
belts. 

The Buchanan'^ Magnetic Separator, an older imtteni of which is 

* N. Wedding, Buil. Soc. fnd. Min. Vol. xiv. 1900, p. 1217. 

* fmw#. Am«r. Inat, M. E. Vol. xvii. 1888-9, p. 737. 



Fig, 308. Buchanan magnetic separator. Klovation. 


receive opposite magnetic polarity. There is thus a tolerably strong 
field formed between the two rolla Tlie material to be treated is 
allowed to foil between the rolls which revolve towards each other at 

26 
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a speed of alK)ut 150 feet per minute ; the non-magnetic portion con- 
tiimcjs to fairwithoiit interruption, whilst the magnetic particles adhering 
to tlie rolls arc carried bv their revolution out of the stronger portion 
of the field, until tlicy droj) off or arc thrown cer-trifugally oft’ the rolls. 
In the modem form two of the inagnetH swing on trunnions and thus 
enable the space i)etwcen the rolls to be adjusted. 

One of the more extensively used of these drum machines is the 
Ball-Norton Monarch Machine, a modem fonn of which is shewn in 
Fig. .'100^ It consists of two drums, A and /i, of wood or some similar 
non-magnetic material, rotating on horizontal shafts in the directions 
indiciited. The electro-magnets, as shewn, occupy from one to two thirds 
(d the lower jKU’tion of the circumference of the drums; they are 



.S09. Monarch iiiujfiietic separator. Vertical section. 


arranged radially, and in such a way tliat op[K)8ite poles alternate. Thq 
drums are [)laced in a clo.sed wooden chest, that can be connected at S with 
a |H)werful fan and having an ofKJiiing at E through which a current of 
air can l)e drawn in by the action of the fan. The ore to be treated is 
fed in through the hoi>j)er H and hills upon drum A, the rotation of 
which brings tlie stream of ore within the magnetic field of the first set 
of magnets ; the non-magnetic j)ortion drops into the hopper P w'hence 
it is discharged intemiittently by the weighted trap-door F. The 
magnetic portion is (tarried round with the drum until it is thrown off at 
the edge of the magnetic field, when it falls upon an apron, and is thus 
brought within the magnetic field of the second drum. By either 

‘ 0. M. Ball, Trm$. Amer. Imt, Min, Eng. Vol. xix. 1890-1, p. 187 ; Jemkontortk 
“Om Anrikiiiiig af »vei»ka Jemmalinor,” by W. Petoreson, 1903, p. 255. 
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making this field weaker or the s|)eed of rotation of the drum grc'ater, 
middlings are here thrown off and accumulate in the liopfHjr U to Ix) 
dfscharged through M. Finally the concentmtes are discharged at t\ 
The inventor claims ftiat the armngement of Ws jade jaeces causes the 
magnetic imrticles to roll over refjcatedly whilst lieing carried round by 
the drums, and that this rolling motion combined with the action of the 
air blast effectually fiw them from non-magiietie iMirticles. It is stated 



that a Jiiacliiiie with drums 24 inches in diameter and 24 inches fime will 
treat {)er hour 15 to 20 tons of ore crushed to 10 to 20 mesh ; the iH)wer 
required is stated as 1 to li electric H.P. for each drum and J b) | H.P. to 
drive the machine or say al)out h.p. altogether. This machine has been 
tried at several places in Sweden, but has l)een set aside usually for wet 
separators. At Svarton^ in Northern Sweden, two Monarch machines 

1 Waif. Peterason, Jernkonhr^lt Amiakr, 1903, [>. 290. 
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treated together about .'too tons per day of it hoiiiu flic drums were 
of bra*i8 20 inchCM in diainetcr and 21 inchoH long ; the first drum 
ma<lc 30 revolutions [wr luinute and the second 00 ; eacii drum received 
an electric current of a ainixjres and 100 volts. 

The concentrator, soinetiines called the Sautler, employed at 
Friedrichsegen ‘ in Olxiiiahnstein is pnictically the same as a single 
drum Monarch machine, with the magnets placed along the side instead 
of the Iwttoui of the drum and the ore fed on by a shaking table ; it is 
used to sepamte calcined spatliic ore^rom ,v:inc blende and its working 
cajMicity is sUted to he 2 tons iier hour and its current consumption 
alxuit i H.P. A modified form of this machine, suitable for coarse 
material, has already been described (see p. 300). 

Another practically identical machine is the Ball Magnetic 
Separator, Fig. 310, the ore being brought to the drum in this case by 
a conveyor l)elt : it is intended to treat moderately coarse ore. 



1'%. ini. Conkliiij; n»aj,ni('ti(* sc'imriitor, Dia^n’inii. 


The Slemene and Halike and the Heberle dry separator ju’e also 
somewhat similar. 

One of the earlier forms of belt machines is the Conkling machine*'^, 
sliewn diagi'ammatically in Fig. .311. It (M)nsists of a carrying beft 
u[)on which the ore is fed, which conveys it under a series of electro- 
magnets, of which the strength, as well as the distance above the l)eltH, 
mn be m^justed as reipured. Vnder each electro- magnet runs a Iwilt at 
right angles to the main l)elt ; the magnetic imrticles as they pass into 
the magnetic fields are attmeted iipwards to these cross lajlts and are 
t^arried by them sitfeways clear of the main carrying belt, when they are 
deposited. By making the magnets of varying strength, l)oth concen- 
trates and middlings can be produced. 

One form of Feriiiris separator is somewhat like this machine. 

‘ Jmihontorett Anmler, 1902, p, l.S. P. H. P. 2*n)70, 188,1 ; Berg. n. If. Ztg. 1884, 
lUi, 107, 412. 

* Tmm. Atmr. /n«t Miu. Eit$, Vol xvu. 1888—9, p 719. 




Fig. 313. King lK‘lt separator. J’ei>iH;ctive, 


direction ; above this upiKir l)clt arc a numkr of electro-magnets, so 
wound that opposite poles alternate successively, as in the drum machine 
of the same name. The nou-magnetic material remains on the lower 
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>elt, the magnetic material ifl attracted to the underside of the upper 
adt and carried by it in the imignetic field until it is clear of the lower 
>elt, when it dro[)H off! The machine can treat abput 21) tons per hour. 

Tlie King Electro-Kagnetic Belt Machine is not unlike the last 
n principle except that only the upi)er belt is represented, the lower belt 
neing replaced by a shaking tray that feeds the ore forward. It is said 
to Ik^ caittible of treating 1 ton f)er hour with a current consumption 
of « am[)eres at 100 volts, whilst 1 h.p. is re(iuired to actuate the 
machine. 

X The only true deflection machine is the Edison Magnetic Con- 
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Fig. ,'U4. Hiiigle Kiliwm mag- 
netic seimnitor. Diagram. 



Fig, .3ir», Double Edison magnetic 
separator. J )iagrain. 


oentrator, the principle of which is well indicated by the accomimnying 
diagmm, Fig. :tl4, token from Edison’s i>aper\ As will be seen the ore 
is allowed to fall down |)ast the face of a pow erful magnet ; the magnetic 
particles on entering the field of the magnet are drawn aside from the 
vertical line of fall, and thus are made to drop into one receiver, wdiilst 
the non-magnctic [wirticles fall straight down into another. Such a simple 
experimental machine, with a magnet 72 inches by ,‘10 inches by 10 inches, 
weighing 34W) lbs., wound with 450 Ur of copj)er wire and taking a current 
of 10 amperes at 110*6 volts can treat \)er day alK)ut lo0 tons crushed to 

* Tmnt. Amtr. JmL M. E.y “Tlie Concentration of Iron Ore,” by J. Birkinbine 
and T. A. Edison, VoL xvii. 1888-lf, p. 728. 
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10 mesh. Edison has pointed out that the opposite pole caff be tltilisod in 
eiactly the same way, as shewn in his subjoined sketch, Fig. 315'. This 
process was first applied in New Jersey and subsequently at Dunderland in 
Norway. The following Figure shews diagramdiatically the most recent 



Fig. 316. Bank of Edison magnets. Hide and front elevations. 

construction of the bank of magnets used for extracting magnetite at 
the latter place ; one such bank is used for extracting the magnetite 
and the other for cleaning the crude concentrate. The electro-magnets 

‘ Pamphlet issued by the Edison Oft Milling Syndicate, Ltd. 
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are ,arraifjBfe<l*a« shewn uf)on an iron framework, and the poles are 
widened out horizontjilly to a width of 4 feet. Tlie ore is fed in 
trorn a hop|)er at the top of the bank of magnet^ and falls over baffle 
Ixiards in a thin stream^past the poles of the first magnet. Between 
these pole jneces a powerful magnetic field is produced which deflects 
a portion of the magnetic material, an adjustable dividing board being 
so placed as to separate the two streams of mineral ; the magnetic 
portion drops l)ehind into the shoot, the remainder falls on to a baffle 
board that guides it past the secoiuf magtiet where more magnetic 
materia] is taken out, and so on until the tailings drop from below the 
last magnet, having been practically freed from all magnetic material. 

At Kdison‘, New Jersey, 1LS.A., very low grade magnetite was con- 
centrated for some time ; the crude ore crushed to O'Od inch mesh 
goes to a bank of three magnets with cast iron cores 12 iiis. high, 
51 ins. wide and 4 ins. thick ; each bank receives a current of 15 amperes 
at 80 volts, the lowest magnet in each bank being the most powerful; 
the tailings from the topmost magnet in the bank contain 7 per cent, of 
iron, from the second 2*5 per cent, and from the last 1 per cent.; the 
concentrates contoin 40 per cent, of iron. Each bank is intended to 
treat 5 tons of crude ore per hour. The crude concentrates are next 
dried and crushed to pass an OVI inch mesh screen, and then go to a 
bank of 8 inch magnets; there are three of the<e in a bank arranged 
like the 12 inch magnets. The dimensions of the cores arc 8 ins. high, 
54 ins. wide and :i ins. thick, and each bank receives a current of 
10 amperes at 120 volts. Such a bank will treat about 4 tons of crude 
concentrate per hour; the prorlucts are concentrates with 00 per cent, 
of iron and worthless tailings with about 1 per cent. ; 

The concentrates are next cleaned by an air blast which carries off 
the finer portions, these being notably rich in apatite, this mineral being 
very kittle and crushing to extremely fine dust. The concentrates 
contain 64 per cent, of iron and pass to ji third bank of magnets, there 
being o in each bink; they arc 4 ins. high, 54 ins. wide and 2 ins. thick. 
They receive ftltogether a current of 17 amperes at 100 volts. lu this 
bank it is the concentrates from each magnet that pass to the next 
lower ones, so that here the lowest magnet is the least powerful. The . 
products are barren tailings, middlings for retreatment, and finished 
concentrates with (Ml [ter cent of iron. The fine dust is sent to one 
single magnet of the same dimensions as those of ihe last bank, but 
receiving a ypry powerful current, which produces concentrates like the 

‘ Mitural Mmtiy, Vol. vi. 1897, p 712. 
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last bank. The process was technically successful, but was dbonainic ally 
unprofitable, the crude ore Ixjing too low-grade. 

B. Wet-Workintj Magnetic ConcSntrators. 

Here again we may distinguish between machines that use electro- 
magnets with fixed i)ole8 and those where the j)ole8 themselves move. 
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Fig. 317. Monarch wet separator. Vertical section. 


Generally speaking the latter class seems to be the more widely adopted, 
though some may be said to combine both systems. Tlie greatest success 
seems to attend those machines that draw the magnetic {mrticles through 
a stream of water flowing in the opposifb direction to the motion of 
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the particle*, a« by tliw arraiiRcment non-inafpietic jarticles entangled 
amongst the magfictic ones are more readily washed out 

One of the simplest forms is merely a modification of the Monarch 
mm Concentrator •described alcove (jcage 402), its arrangement 
being shewn in Fig. ;il7; the ordinary machine was in use at 



Fig. 318. FrSdiiig Hepiirator. Plan, 


HcrrSng in Sweden, but was replaced in the year 1899' by a wet 
drum concentrator that gate more satisfactory results. Tliis machine 
has only one drum, and the electro-magnets occupy about 200“ of 
ito circumference. Tlie drum revolves in water and the tailings run 
off from the front of the drum, whilst the magnetic particles, travelling 
for a considerable distance through the water and thus thoroughly 
* Jemlmu>retf Ann<aer, 1901, p. 13 ; 1903, p. 257. 
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washed, are discharged at the back side. The drum maket onty 8 to 
10 sevolutions per minute. Tliis machine can treat about IJ toils jicr 
hour. 



Pig. 318*. FrSding separator, f ertical section. 
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. 'Hic fuelling HClwrator* coiwiHts of a slightly conical table of brass 
alxiut 4 ft () ins. in diameter, keyed to a vertical shaft, which is rotated 
by bevel gearing. Beneath this table are an*ang«d electro-magnets, the 
latest fonn of which iH*8hewn in Figs. 318 and 318“ ; they are arranged 
mdially, aliont 2 inches afiart, and arc of alternating polarity. As shewn, 
they oc(aii>y alxiut .30(F of the entire circumference of the table. Some 
12 water pipes play on the surface of the table, on to the central portion 
of which the pulp to lie concentrated is fed near to one edge of the 
system of magnets. As the table rotafe, thS magnetic portion is retained 
on it by the action of the magnets, whilst the non-magnetic {lortions are 
washed off by the jets of water. Finally the former particles reach the 
non-magnetic section and are there in their turn washed off by a jet of 
water. The jiarticles are received in an annular launder surrounding 
the table, the porthm corresponding to the non-magnetic section of the 
table l)eing sepanited from the remainder by partitions. The current 
required is alsuit 18 am|)cres at 110 volts, and \ h.p. is rccpiircd to 
rotate the table ; the watei* consumption is 4.5 to 50 gallons jxm’ minute 
and its capacity u[) to 2 tons ptu* hour. An earlier type of this machine, 
shewn in Tig. 31i), had three (nncentric. rows of narrower electro- 
magnets’, but gave results inferior to the later type. Frliding’s 
separator was used for a time at Herriing. 

The Heberle sejjumtor is shewn in Figs. .320 and 320‘‘l 1 1 consists of a 
vertical tank about .3 ft. high by 20 ins. wide, within winch revolves an end- 
less rubber belt, tmvelling downwards on the feed-side of the tank ; a 
series of electro-magnets is arninged along this side of the kit and inside 
it. I he pulp to Ik‘ treated is fed in through the trough c and runs dow n 
along the kit c thnnigh the s|)ace/; the magnetic portion adlieres to tht 
kit umler the action of the electro-magnets c and h, and is carried by it? 
into the compartmeid //, w hilst the non-magnetic |K)rtion drops into ^ ; 
tk resjKJOtive pulps are dmwn off through piix^s f/ and k connected with 
thm two comiMirtments, a flow of water king maintained through the 
pij.)e8 / and #a, sufficient to keep the tank full. This machine can treat 
akut li tons of mineral i)er hour, and is used a good deal in Sweden. 

The OonkUng wet sejmrator is somewhat like the last, but has the 
belt set at an angle and moving in the opix)8ite direction. 

Frddlng* has also devised a 8C[)arator consisting of a band moving 

* JnnnUi\ 190.3, p 

* Swwiisli patttut 13349, 1900. 

® 8w©di«h jiaWut No. 7227, 1895 ; Jernkmtorett Anruder, 1908, p 262. 

* Bwedish patont spocificatioii, Ni. 20378, 1905. 
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upward* over electro-magnet* at a flat angle, whilst pulp streams down 
It in the opposite direction. 
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be a development of the Lovett-Finney separator. As shewn in the section, 
it consists of a wooden tank in which the magnetic appliance is arranged 
horizontally. Tlie ore to be treated is contained in the hopper H, whence 



Fig. 320*. Heberle separator. Trausvcrso section. 


a feed roller delivers it on to a horizontal belt that carries it towards a 
magnetic roller A. This roller is about 4 inches in diameter and 3 feet long, 
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and conBi8t« of a solid roller of soft iron in which two helical grooves about' 
1 inch Scjiiare in section arc cut, and in which insulated copper ribbon ia 
wound This makes the l)ar a continuous electro magnet, and although 



it revolves with the holt its action is practically that of a stationary 
magnetic pole. The non-magnetic portions of the ore drop off at A 
into the tailings hopper, whilst the magnetic i)ortion8 cling to the lowei 


321. Chase separator. Vertical section. 
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surface of the belt, which next passes underneath a series of electro- 
magnets with alternate polarity ; during this travel tlje middlings and 
th^ fine dust are removed, and the magnetite is brought within the field 
of a second magnetic foller B similar to the first ; from this they are 
taken off* by the belt, passing round the third similar roller C\ which 
finally discharges the concentrates over the non-magnetic roller F, All 
the separation thus takes place under water. 

Eriksson’s magnetic se|)arator^ is a good example of seiiaratorH with 



Fig. 3'22, Eriksson sepuratt>r. Poi’siHKJtivo, 


movable [lole-jiieces. It is shewn in iierajiective in Fig. and in side 
elevation, plan and cross-section in Fig. W, as made in (Jennany by the 
Fried. Krupp (Irusonwerk Co. ; the Swedish construction differs only in 
some minor details. It consists of a narrow tank, triangular in side 
elevation, only some 3 inches in width, into which the pulp to be treated 
is fed by means of a hopper, this tank being kept about f full of water. 
On either side of the tank there are circular electro-magnets, and con- 
centrically arranged with respecl. to these are two hook-shaped pole- 
pieces, which tuni in the direction indicated by the arrow, the respective 


‘ Pried Krupp A, G. Grouenwerk. 


Jentkonf$rett Annakr, 1903, p. 26S. 
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poles on eitherside being of opposite polarity and those on on« sid^ exactly 
- opposite to those on the other. \Vlien these poles revolve, the magnetic 
material in the pulp forms “ bridges lietwecn the opposite poles and it is 
thus carried with the revolving jmle-pieces through the water, where it 
is effectively washed, and, then passing into the air, continues its course 
until it is deposited in a narrow trough above the tank, from which it is 
washed out by a stream of water. The non*inagiietic ixirtion accumulates 
in the lower portion of the V-shaped tank, and is allowed to escajic 
from time to time by means of a valve at the bottom, the motion of which 



Kif;. :i24. Korsf^ren neiMirutor. PcrHiH-'ctive. 


is controlled by a float, so that it only opens when the water in the tank 
has reached a certain level. The pole-pieces make about 10 revolutions 
per mimite; the driving power required is alwiit J H.P. and the electric 
current reiiuiicdis 15 amjieres at 110 volts; the capacity of the machine 
is about 2 tons per hour. It has been used with success at (Iriingesberg 
in Sweden. 

Fort gren’i magnetic separator^ shewn in persjyective in Fig. 324, and 
in vertical section and jilan in Fig. 325, as made by the Fried Krupp 
Orusonwerk Co., consists of a pair of rings of brass connected by numer- 
ous cross pieces and keyed to a central vertical shaft, thus fonning a 

‘ Fried. Krupp A. G. Orusonwerk. Pamplilet 
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wheel with a periphery pierced by numerous vertical sldts. , To the 
outside of this peripherj’ are attached numerous wedge-shaped pole- 
pieces of soft iron, which in their rotation pass between the {Miles of 
several (4 in the figures) powerful electro- magnets. AIkivc each electro- 
magnet is a hopper from which ore-pulp flows on to the open space 
between the inner and outer rings that form the wheel. The non- 
magnetic material flows straight through into troughs placed below the 
wheel; the magnetic {Mirtion forms “bridges” between the magnetised 
{Mile-pieces. As the latter iy their revolution recede from the electro- 
magnets their magnetism ih weakened and they de{Misit first the middlings 
and finally the concentrates, each class being washed off by streams of 
water into tlieir rCH{icctive troughs. This machine can be used for 
moderately coarse material. The ring carrying the pole-|)ieces makes 
about 10 I’evolutions {ler minute and reipiires alM)Ut 1 H.P. to drive it. 
The four-pole machine will treat up to H tons per hour. This machine 
is used, like the last, at (Irangeslierg, on material ranging from ()'12 inch 
to 1 incii, whilst the Kriksson machine is used on stuff that has {lassed 
through the 0i2 inch mesh. 

The Ekman*Markman se{iarator consists of a hollow conical drum 
revolving on a hoi'izontal a.\is ; the drum is made of some non-magnetic 
material like sheet brass, and the inside is lined with a numlMjr of short 
studs O’* |K)ints of soft iron, arranged radially and emlMidded in cement. 
Outside the lower poition of the cone are |)laced parallel to the axis 
an odd numlier (usually .‘1 (u* a) of electro-magnets, which induce 
magnetism in the iron studs as these traverse the field ; when these studs 
{)a8s mid vs ay l)etween the two last magnets, which are of similar jM)larity, 
they evidently traverse a neutral zone and are thus momentarily com- 
fdetely demagnetised. The pulp to Ik; treated flows through the cone, 
the non-magnetic {Kirtion running ofl* at the wider end, whilst the 
magnetic |K>rtion is lifted u{> adhering to the inner lining of the cylinder, 
and there ex{M)sed to jets of water that wash out all the entangled 
non-magnetic {^articles. On {Missing through the neutral zone the 
magnetic mineral dro{)s off, this action l)eing assisted by strong jets 
of water, which wash it into a trough or on to a conveyor Ihilt. It is 
recommended to use two such machines in series, and the current 
consumption of each is given as 10 amjM. at 110 volts h 

The original Orfindal magnetic 8e{>arator^ is shewn in Fig. .120. 
The inventor’s description of it is as follows; A vertical shaft carries 

* Gluckauf, VoL xuv. 1908, p. 1458. 

® Tekniik Tidikrift, 1901, Ma|cb 23rd. 
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5 discs of very soft steel set about 2i inches apart, between vjhich lie 
cojls of insulated wire, so arranged that each steel disc is more strongly 
magnetised than the one above it; the coils are protected by brass 
rings and indiarubber packing. Tlie ore-pulptis introduced into an 
upper trough, which occupies about one-fourth of the entire circum- 
ference, and flows down from trough to trough, so that every portion of 
the pulp is brought into contact with the discs Ixjfore it escapes from 
the machine. A plentiful stream of water is allowed to flow over the 
sejmrator so as to wash oft' ijl non-magnetic particles as the appfiratus 
revolves. The concentrates are removed by means of a wooden 
cylinder which carries a large nun\l)er of })()ints of soft iron, each 
inserted separately; they corresjKmd to the proflle of the separator, 
but in their nearest j)o8ition are about i to | inch away from it. When 
these points come opposite the magnetised discs magnetism is induced 
in the former, but as their area is so much smaller, the number of lines 
of force per unit area in the points is much greater; in consocpience the 
magnetic concentrates are attracted fi*om the discs on to these iRiints 
when these are opposite the sepamtor, but drop off’ as the revolution of 
the wooden cylinder carries the points out of the magnetic field. The 
concentrator spindle makes 25 revolutions, ami tlie spindle of the 
Wooden cylinder 225 revolutions, per minute. The current consumption 
is G amperes at volts, the power consumption \ h.p. and the ca|wicity 
of the machine is about 30 tons in 21 hours, 

A second form of machine^ invented also by Dr (iriindal, is shewn in 
pers[K‘ctive in Fig. 32/ and in detail in Figs. 32H and 323“. The electro- 
^magnet consists ot a sjk)o1, almost semi-circular in plan ; round this rotates 
f brass btdl, carrying a number of lamellae of soft iron. The pulp 
flows down from a hopper, which occupies about ^ of the circumference, 
over one end of the semi-circular electro-magnet. The magnetic fmrticlcs 
adhere to the bell, the others l>eing washed off; after a semi-revolution 
the iron lamellae lose their induced magnetism, and the magnetic particles 
can easily be washed oft' the l>ell. The power consumption and working 
capacity of thi^ machine are about the same as that of the first tyj)e. 

(iriindars latest type of machine is shewn in Figs. 329 and 330*, 
this l)eing probably the most extensively used of any magnetic separator 
in Scandinavia. Fig. 329 shews a single machine in p©r8i:)ective yrith 
the electro-magnet inside the drum, the latter being driven by a 
motor ; Fig. 330 shews a duplex machine in side and end elevation, |lie 
electro-magnet proi)er being outside the drums and only the pole-pieces 
- J<mrn. frm awkSted ln»t. Vol. lxv . 1904, p. 40. 


' hfC. cit. 
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Pig. 328*. OrOndal separator, typ| 2. Verticahsection. 
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inside tliein, tiie drums being belt driven ; both machines are identical in 
principle. The latter machine consists of a fwwerful cylindrical electro- 
magnet sup|)orted horizontally, l)oth ends tenninating in massive hatchet- 
shaped })ole-piecoH A with the edges downwards. ^ About each of these 
rotates a drum Ji, the surface of which is made up of alternate bars of 
brass aiid iron. The drum makes alsuit 100 revolutions per minute. 



Fig. Siiijfk* (iI'oihIuI K'|taraU»r, t\pi‘ IV'rsjKJtitivt*. 


ITie ore-pulp l^ows through the 8luM)t C’ into a V-8ha|)ed box divided by a 
vertical partition reaching nearly up to the top of the box, which is about 
** 1 inch below the bottom of the drum. A stream of clear water entering 
at D carries all the pulp over the edge of the {)artition and therefore well 
within the magnetic field induced by the wedge-shaped |)ol^ in the rotat- 
ing strips of iron (whicli act as sgeondary pole-pieces). The non-magnetic 
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portion of the puljv flows off at the bottom of the other dlvisipii of the 
V-shaped box, through the tube E. The magnetic poftions ^here to 



the iron bars comiK)8ing the drum, and the purest concentrates arc thus 
carried to the very edge of the induced magnetic field l)efore they are 
flung off by centrifugal force, aided at.times by a jet of water; the 
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middlingB ar6 thrown off l)efore they reach so weajf a portion of the 
magnetic field • Instetwl of the pointed pole-piece, a series of electro- 
magnets, amrUiged somewhat as shewn in Fig. 304, but within the lowest 
}K)rtion of the dnim m%' be used, the machine shfcwn in Fig. 329 being 
thus arranged The principle is the same in either case, the object being 
the [)roduction of a j)owerful field at the lower front fiortion of the drum, 
llie fine sliineH produced in crushing ore arc apt to adhere obstinately 



to the concentrates, and it is an advantage to get rid of these slimes 
l»efort* the pulp passt's to the concentrator; unless some arrangement 
is, however, introduced for arresting them, the slimes of the magnetic 
mineral may he lost with those of the non-magnetic portion, 'fhis 
difficulty has been overcome by the introduction of Grdzidal*i' Ma.gnetic 
^ SUma-box, shewn in Fig. 331. It consists of a relatively narrow box, 
triangular in vertical section, into which the pulp flows through the 
launder /i. It is met by an ascending stream of clear water fh)m the 

’ /oum. Iron and^tsd Imt. VoL lxv. 1904, p. 4a 
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pipe i, through whiph the coarser particles fall and then floV off tlirough 
the pipe C to the separator, whilst the slimes flow over.thc {mrtition at D 
and off through the tube E. So for the appliance is merely an ordinary 
upward-current classifier (p. 234); above the boit, however, is placed the 
hatchet-shaped pole-piece of an electro-magnet similar to tliat used 
in the separator but less powerfully magnetised. It is too feeble to 
attract the coarser particles of magnetic material, but the fine magnetic 
slime is arrested on its way to 1) and accumulates at the suiface of the 
water (the magnet l)eing unpble to lift it out of the water) until it forms 
masses of such size as to drop down and hi carried awa}' with the 
coarser ore through (\ Thus [mictically all the non-magnetic slimes 
are got rid of, whilst at the same time none of the magnetic material is 
lost. It would appear that magnetic i)articles thus agglomemted in a 
magnetic field retain a certain amount of magnetism and have a tend- 
ency to cohere, and are therefore less troublesome than ordinary slimes. 
In practice the cruslied inineml goes first to this magnetic slime-lK)X, 
and the pulp that escapes from C goes to the sejjjirators ; one magnetic 
slime-box suffices foi* a double separator. Such a jdant will treat from 
r)(» to 100 tons per 24 hours, ground to alxmt 0’02 inch ; it hikes a current 
of G amjieres at 120 volts and \ h.p. to drive the separat(>r; tlie wakr 
consumption is 40 to oO gallons per minute. The single machines are 
made in two widtlis and alxiut 24 inches in diameter ; the narrow 
machine takes a cuiTent of 7 amps, at 110 volts, and treats .‘IM tons per 
hour ; the double width machine takes twice as much current and will 
treat up to 7 tons per hour. The former reciuires O*.'! h.p., the latkw 
O’o H.P. to drive it. These machines are often set tandem, a wide 
machine first to get rid of the bulk of the non-magnetic gangue, followed 
by a narrow machine to clean the concentmtes produced by the former. 

It may be ix)inted out that all thc^se magnetic separators are worked 
with continuous currents; alternating currents can lie emidoyed, but 
are not advantageous, and are apt to cause undue heating of the cores 
and coils. 

Attempts have been made to employ the rotating fields produced by 
polyphase currents, by means of which magnetic particles brought 
within such fields can be caused to travel even though the pole-pieces 
be 8 tationai 7 , so that it is possible in this way to construct magnetic 
separators without any moving parts whatever. Several appliances 
based on this principle have been proposed and some have even been 
tried, but up to the present none can be said to have passed beyond 
the experimental stage. 
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. n. ^SI^PAUATI<^N OF FEEBLY MaGSTETIO SUBSTANCES. 

It has l)ec‘n pointed out that the attractive pp>wer which a magnet 
can exert upon any bo(fy dejKjndH, other conditions remaining the same, 
ujMMi the magnetic Kiwceptibility of the kKiy and the strength of the 
magnetic field. In order to attract a lM)dy of low magnetic suscepti- 
bility, a field of very great strength must la* employed. This principle 
wjiH first applied practically by *1. P. Wetherill in the year 1896; he 
obbiined magnetic fields of the re(iiiisite‘ intensity by using wedge- 
shaped pole-pieces, and by putting these sufficiently near together. 
The original object of the invention wfis to sej)arate franklinite and 
tephroite fnan willomite and other ores of zinc occurring at Franklin, 
New Jersey, F.S.A. Since then, however, the princi[)le has found 
extended ap[)lication, amongst the separations ettected by these 



Kig. 3, *12. RowHiul-Wetlicrill Kopiimtor. Side aiid en<l eleviitioim. 


maiffiines Iwing zinc blende from galena, iron t)yrite8, copper pyrites,* 
etc., spathic iron-ore from zinc blende and other minerals (dark coloured 
zinc blende, which contains a cojisiderable proportion of iron sulphide, 
has a tolerably high magnetic susceptibility, whilst i>ale yellow blende 
is almost non-magnetic), wolfram from tinstone, (piartz, etc., garnet, 
rhodonite, etc. from blende and galena, horablende^ from apatite, 
liinonito, haematite, and sj)ecular ore from (piartz and similar minerals, 
dolomite from gtilena, etc. 

'Hie principle has been applied in several different ways^ One of 
^ the simplest and the most efficient is the Cross-Beit Machine,” a 
modification due to Mr Rowand; as shewn, in side and end elevations in 

' Tram. Amm'. Imt, Min. Eng. Vol. xxvi. 1896, p. .’ISl ; The Mineral Jndmtrg, 
Vol X. 1901, IX 776. 
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Fig. 332, and in perspective in Fig. .333, a carrying belt'F (Fig. 3 . 32 ) 
receives the ore that is fed on to it from the hopper H by means of the 
feed-roller R. It passes between the pole-pieces of two, or more, electro- 
magnets, if, if, whiih have flat pole-pieces f, L', below the belt and 
wedge-shaped pole-pieces P, P\ above it ; owing to the intense concentra- 
tion of the lines of force in the narrow edge of the up[)er pole-pieces, these 
lift even feebly magnetic particles oft' the belt; below each of the upper 
pole-pieces are travelling lajlts, T, T', to the lower surfaces of which the 
magnetic particles adhere, and by which they are carried clear of the 



Fig. Kowaiid-VVetlierill Mepiirator. I’orsjKictive. 


lower belt, until they are outside the magnetic field, when they drop 
into re<i'eivers V, F', the non-inagnetic tailings dropping into the bin Z. 
Usually two or three pairs of magnets are placed successively across 
the carrier belt, and as each pir is usually more powerful than the 
preceding one, minerals of diflerent degrees of magnetic susceptibility 
can thus l)e removed. Fig. 333 shews such a nuichine with two electro* 
magneta The standard machine has a belt IH inches wide and takes 
I H.P. to drive it ; it has three electro-magnets, which take resiJectively 
5, 15 and 30 amperes at 110 volts; the ca{)acity of the machine varies 
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with the magnetic sjisceptibility of the mineral treated ilnd with itn 
coarseness or fineness from ()'3 to 6 tons per hour, being grniter on coam'r 
mineral Its capacity is greater on more magnetic substances, the 
velocity of the belts be^ng regulated by this chai^cteristic. On ordinary 
ores, such as spathic ore, specular iron ore, etc,, the average cajmcity 
of a 6 pole machine is 1 ton per hour, and the total ]H)wer con- 
sumption 3^ H.r. At Franklin such machines have treated up to tons 
per hour. 



Fig, 336. Wctlicrill Hcpamtor, ty|)e 2. Pcrejxxjtive. 

A very' convenient small machine is made on this principle for 
laboratory tests ; this has two l)elts at right angles to each other, both 
poles of the electro-magnets being above the ui)i)er belt, as shewn in the 
subjoined diagj*ain. Fig. 334 ; the ore to be treated flows out of the 
hopper on to a carrying belt surrounding the pulleys I) and 1>' \ over 
this is supported the magnet if with pole-pieces P and F \ a IkjH T 
travels horizontally beneath the latter, and carries the magnetic 
particles attiticted up to its underside cl^r of the canning Ixjlt, when 
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only to be deflected^ and not lifted. On the other hand} it is very 
troublesome to acjjust, and there is considerable wear botii on tie pole- 
pi^ P and on the belt It can treat about i ton per liour, and may be 
used on comparatively hoarsely crushed materialf 

A third type is shewn in Fig. 338, a diagrammatic representation of 
its working parts l^eing given in Fig. 339. 

Here the mineral, fed as before by the feed roll R from the 
hopper H on to a carrying l)clt F, is brought within the field pro- 



Fig 3;i8, Wetlierill tyiw .‘i. i'erM)»c‘ctivi‘. 


Iduced by thr<*e electro-magnets P, P^ and the central jwle P 
having an opposite iM)Iarity to the other two. The non-magnetic 
portion drops ofi' the end of the carrying IkjH into the receptacle 
Z; the magnetic i)ortion is drawn upwards into the intense mag- 
netic field produced between the three pole-pieces, and thus against 
the belt by which it is carried a greater or lesser distance in the 
direction of the travel of the belt, so that the more magnetic [wrtion 
drops into the receiver F, and the less magnetic or middlings into the 
receiver Y\ The different grades are separated by means of the 

* , 28-2 
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adjtiMable Hbutters 8y 8\ This machine combine^ to some extent the 
principles of rtie two first, and is intermediate between them in its 
openition. it requires more electric power than the last one, but less 
than the first, the driving of the machine requifing only about J H.P. 
It can treat from 1 J to 2^ tons of mineral |>er hour. 

All tliese Wethcrill machines are built by the Humboldt Machinery 
Com|mny. 

llie Mechemich^ Magnetic Separator is an adaption of the same 
princi[)le, in which belts are replaced by rylls. It is shewn in vertical 
sections in two planes at right angles to each other, and in horizontal 



section in Figs. 340 and 340*. It consists essentially of two rollers, the 
axes of which are horizontal, but are not (piite in the same vertical 
plane. The rollers are made of soft iron, and the central {lortion of each 
is wound with numerous turns of insulated copper wire, so as to 
convert tlie ends of each into pole-pieces, the upper and lower cylinder 
ends having opposite [Kdarity ; these ends are corrugated in the upper 
cylinder, smooth in the lower, which is moreover cased with stout brass 
or some similar non-magnetic substance, llie rollers are very close 
together and rotafe in opposite dircHJtions as indicated in Fig. 340. 
The ore drops out of a i)air of hoppers, provided with gates capable of 
hmg closely regulated, on to the two poles fonned by the ends of the 
lower cylinder; this acts as a feed-roll and carries the two streams of 


* Bull Soc. Ind. Min. Vol xjv. p. 1231. 
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ore forward until %y come within the intense magnetic fieldj formed 
between the lower smooth roll, and the edges of the corfugations of the 
upper one. The non-magnetic portions drop straight down off the ends 
of the lower roll, whilst the magnetic isirtiomi arc attracted towui-ds 
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although the pole-pj^ in this machine revohe, the magnetic field is 
atetionary, and the action is therefore equivalent to that of a machine 
having fixed pole-piecra surrounded by a moving drum. 




Edison has applied his deflection principle to the treatment also of 
feebly ma^etic bodies. The appliance a|id the mode of operation are 
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exactly the'iiamc aa in Fig. 316. The pole-pie<^ are however, as 
Hhewn in Fig. .141, much narrower, namely 1 foot 4 inches as against 
4 feet, the windings are far more iiumcrons, and the current employed 
is stronger. This appliance is used at Dundei^and for the concen- 
tration of H[KJCular haematite; a complete bank consists of 6 magnets, 
and tlu^ cafmcity of such a bank is alM)ut 1 ton of ore per hour, the 
current consumption Mng alwut 10 e.h.p. 

HitluTto n(» wet process has l)een devised for the separation of 
feebly magnetic Imdics; it would seem ^ though the tractive force 
which even powerful magjiets am generate in such Indies is not 
sufficient to overcome the resistance to their motion caused by the 
water. There is, however, no reason why it should not l)e possible to 
devise such nuwthines, the deflection principle beiiig perhaps the most 
promising. There is every reason to sup})OHe that there will be a large 
field of useful work oikjii to a successful wet concentrator for feebly 
magnetic b(Klies. 


Flectric'al Sepahatkw. 

Differences in the electric conductivity of minerals have also been 
made use of to [)roduce separation. 

If a imrticle of mineral that is a good conductor is brought into 
contact with a pole highly charged with stjitic electi’icity, it immediately 
Injcomes similarly charged and is repelled by the pole; in a bad coi»- 
ductor the process of electrification is mucli slower, and the mineral is 
accordingly not thrown oft! The j>rinciple of the Blake-Morscher 
machine, which ajjplies this pro|K;rty to effect separation, is shewn in 
Fig. M42. according to the inventorsh The pole consists of an insulated 
ineUil roller, routing as shewn ; an even stream of dry crushed ore is 
allowed to fall on t<» this roller from a hopjK?!*, the good conductors 
iHjing thrown off from the roller and dropping into /I, whilst the poor 
conductors fall almost straight down into R The {mtentees point out 
that it is impossible to predict without trial whether any given mineral 
will be a good or a Imd conductor, as there are considerable variations 
in the conductivity of the same mineral species ; thus zinc blende from 
Broken Hills, Australia, am be separated by its superior conductivity 
from zinc blende from Joplin, Missouri, U.S.A.: among the minerals 
that are usually good conductors, they enumerate native metals, 
various metallic sulphides (excepting most zinc blendes) and graphite; 
amongst the bad conductors, quartz, various silicates, calcite, barytes, 
* The Blake Miu(^g aiid Milling Co-’s Pamphlet 
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fluorspar, etc. Onj of the most usual fonns of the actual i^hine is 



Fig. 343. Blakc-Morttclier Elevatitm, 


shewn diagrammatically in Fig. 343. Tlic ore is fed by a screw conveyor 
1 ) on to two electrified rollers which 8e|)arate it into concentrates, 
middlings, and tailings; the concentr8te| and tailings each pass over 
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another electrified roller, which separates the fonder into clean con- 
centrates and middlings, and the latter into middlings and final tailings. 
Tlie three classes, concentrates, middlings and tai^ngs are removed by 
the resfiectivc conveyort A and C. These machines, about 12 feet 
long, have a nominal capacity of 12 tons (ranging from 5 to 23 tons) 
}K;r 24 hours, with a power consumption of 1 h.p. They weigh about 
2i tons, and cost alwut £200. The electricity is generated by a frictional 
machine at aliout 20,000 volts. 

Tlie machines will work on material nyiging from 6 to 100 mesh, 
but do best at al)out 20 mesh. I’licy have been chiefly used for 
separating zinc blende from galena and other metallic minerals, also for 
concentrating molylKlenite and graphite. 

Skpauation by Differential Surface Tension. 

Under this head may lie grouped a number of methods, which appear 
to depend upon a diflerence in the adhesive power of various liquids to 
the surfaces of different minerals. In the absence of any experimental 
dabi on this subject, it is imfM)sHiblc to otter correct or satisfactory 
explanations of the observed phenomena; a few experiments have been 
made by Mr .!. F. Hamilton’, who has tabulated the power recpiired to 
pull surfaces of mineral off a surface of oil under wafrr. The tests sire 
neither very complek; nor very conclusive, but they seem to indicate 
that surfaces of metallic suljdiides adhere to the suidiice of oil with 
greater tenacity than do surfaces of such minerals as (juartz, calcite, 
mica-shist, etc. It seems probable that the surface tension between 
water and minenils such as (piartz, silicate, etc., is greater than between 
water and meUllic minerals. ^ 

Various attempts to utilise this princi[)le were made ; thus in 1886 
Carrie J. Fvei*son proposed to mix crushed mineml into a stifl’ paste 
with oil and acid, and then to wash out the gangue with water, but the 
process apjieai’s never to have come into use ; Sutton in 1892 tried to 
use oil for collecting finely divided gold precipitated from a solution 
of auric chloride, and Robson and Cronader devised an oil concentration 
process in 1894, but one of the first practicable processes based on 
4 this principle was the Elmore oil process, the first patent for wliich is 
dated 1898 (No. 21948). Elmore found that if sands consisting in 
jiart of a metallic sulphide (e.g. iron or copper pyrites) and in part of 
a siliceous substance, such as quartz, felspar, etc., are made into a pulp 

* Jaurn. Canadian Min. Im^ “The Relative Attraction of some Common Minerals 
for Keaidimm OiV Vol. vn. 1904, 
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with water, and thm pulp is stirred up with oil, the latter wiJl adhere 
finnly to the metallic minerals, but not at all to the siKceous minerals, so 
that if the proportioj^ of oil be sufficient, it will form a layer above the 
water, carrying up wfth it the whole of the meilillic sulphidea Subse- 
quently he found that this so-called “selective” action of oil was in 
many cases promoted by the addition of a small amount of acid, an 
addition that was patented in 1901 (No. 6519). 

The apparatus used in practice is shewn in Fig. IU4‘. The pulp of 



Fig. .344. Elmore oil separator. PersjHxitive. 

crushed mineral suspended in water is ted into the mixer, which consists 
of three cylinders placed vertically one above the otlier ; each is alwut 

10 feet 6 inches long by .‘1 feet in diameter, made of galvanised iron, and 
having riveted to the inside a spiral blade 6 inches deep also of galvanised 
sheet iron. The pulp together with a due proportion of heavy mineral 

011 (American residuum oil, the heavy oil left behind after distilling off 
petroleum, is generally employed) and acid, generally sulphuric, if 
required, enters the upper cylinder, and, the liquids are mixed by the 

* mrt. Ind. Vol. xi. 1902, 1? 697. 
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revolution of the cylinder, which, driven by gearing, yiakes about 6 turns 
per minute. TTie •mixture is discharged into a pointed box, sornewhajb 
on the principle of the spitzkasten, from the upper part of which the 
charged oil flows off, wlfilst the i>ul[) is drawn off*from the bottom and 
jjasses to the next cylinder and thence into the third, so that the pulp is 
agitated three times, each time with a fresh lot of oil. The pulp then 
flows into a large spitzkasten, where the remainder of the oil seimrates 
out from it, and the pulp then runs to waste. The oil charged with 
mineral is then run into a 4H inch (kum ,centrifugal separator, i.e. a 
centrifugal machine with solid walls, having a flange at the top project- 
ing inwards. This is first filled with hot wator and when revolving at a 
high M|)eed (about 1()(K) revolutions |)er minute) the oil is run in. The 
heavi(^r mineral passes through the wall of witer and settles against the 
outside casing of the centrifugal, the lighter (ul accumulating inside 
the water until it overflows at the upper edge of the centrifugal paiL 
The oil flows into a sump whence it is pum[)ed back to a storage tank 
ready to flow down again into the mixeiu The mineral accumulates 
until the pan is fully charged ; a cover is lifted from an aixTture in the 
botbmi of the pan, and the mineral is washed out through it, and 
passes to a second smaller centrifugal pan, inches in diameter, where 
a further j)ortion of oil is removed, the concentrates being then ready for 
metallurgi(!al or other treatment ; they are usually sold to smelters. The 
concentrates are found to reUin from M to G per cent, of oil. Concentrates 
of good grade were irjade by this process and in most cases a satisfactory 
recovery was obtained. It worked (piite efficiently on most native inet/uls 
and metallic sulj)hide.s, except zinc blende, which, us a rule, was found 
to Ik‘ incapable of adhering to the oil. Obviously the pix)cess was not 
suitable to ores containing a large proiM)rtion of metallic sul|)hides of 
but little value, such as irem pyrites or magnetic pyi'ites, but on ores 
carrying co[>j)er j)yrites, gilcna, cinnabar, etc., good results have lx*en 
obUiined. Techniailly the process was (piite successful, but the losses of 
oil were found to lie heavy, proUibly due to jjarticles suspended in the 
pulp, and the process has not therefore lieen at all generally adopted. 

The same principle has lieen applied in various other ways; for 
^xamplc, at the KimlxTley diamond mines a shaking table, the surface 
of which was covered with thick gi*ease, was used, it having lieen found 
that diamonds would adhere to the grease, whilst the remainder of the 
pulp did not. 

It is also possible that the adherence of metallic sulphides to the 
indianibk'r kit of the Frue vanner may k due in part to this same 
action. 
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A number of iie^ processes have l)een devised, known as Flotation 
Froceases, dating from a discovery by Mr C. V. Potter jn*19()l, that when 
the fine sands from tl^e Broken Hill Mines in New South Wales, conttiin- 
ing zinc blende, galeha, carbonate of manganase, quartz, garnet, and 
other minerals, were thrown into a bath of dilute acid, minute bubbles 
of gas formed, which floated up practically the whole of the zinc blende 
to the surface, where it could easily be removed by mechanical skimmei-s 
or scrapers. This was patented as a working process (No. 1140, in 
1902), the inventors claim Jieing for a “process of separating metals 
from pulverised sulphide ores, concentmtes and slimes by mixing an 
acidulated solution therewith, stirring, heating, skimming or floating oft* 
such metals, from the suiface of the whole admixture as they rise so as 
to recover such concentrates of metals ready for after treatment.” It 
does not seem that the inventor really undei-stood the cause of the 
effects that he had discovered, and he certainly did not appear to 
appreciate the part played by the carlwnates and es])ecially the 
rhodonite present in the ore. The real rationale of the process is still 
obscure; broadly speaking it appears that water adheres less finnly 
to zinc blende under these conditions than to the other minemls, hence 
the bubbles of gas are forced into closer contact with the particles 
of blende and cling more firmly to them than to the other minerals, 
thus floating them up. It was at first thought that the gas to which 
flotation was due was sulj>huretted hydrogen, but it was soon shewn to 
be carbonic acid gas, evolved by the action of the dilute acid otj the 
carbonates present, so that the process in its original form could only Ikj 
applied to ores that conUined such carbonates. 

In 1902 Mr (I. D. Delprat modified the process by using a solution of 
*8 alt-cake instead of sulphuric acid, and a numlHjr of further modifications 
have l)een projmsed by others, such as Ijake, Bavay, Stalman-(jermer\ 
Cattermole, Sulman-Picard, and Elmore, in most of which the flotation 
effect of gas or air bubbles was increased by the introduction of some 
* greasy qr oily matter. It is (piite [msible that in the original Elmore 
oil process the buoyant effect of oil was increased by the presence of air 
bubbles, but these latter were only accidental and weri^ not puriK)sely 
introduced ; in all cases their delil)erdte introduction seems to have 
been subseejuent to the discovery of Potter’s al)ove mentioned. 

It is not clear whether the Cattennolc process is a flotation or an oil 
separation process ; he ptented (No. of 190:i) the agglomtjration 
of metalliferous particles by adding 4 to 6 percent of tlupir weight of oil 
to the pulp containing them, and also claimed (Patent No. I7,ldfl 
1 Min, Ind, VoL xv. 1906, p. 771 
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1903) the use of oleic acid instead of oil ; the ojeic acid could be 
generated by tht; action of mineral acid on a solution of soap. 

The Bulman-Pickard-Ballot process, worked by^the Minerals Separa- 
tion, Ltd. (Patent No. 7m of 1905), proiioses to agitate vigorously the 
pulp with less than 1 per cent of oil or oleic acid and a similar propor- 
tion of mineral acid in a si^cial mixer, when the metalliferous minerals 
rise in the form of a froth or scum and can be sei)arated in a spitzkasten. 
The process Inis hardly passed l)eyond the exjKjrimental stage. 

The Lake process, due to Mr Alcide ^roment of Traversella, Patent No. 
12,7Bft of 1902, is stated by the inventor to depend on the following facts : 

“ 1. When the natuml sulphides reduced to j)owder are moistened 
by a fatty substance, they have a tendency to unite in spherules and 
to float upon the surface of water. 

2. This t(‘nd(‘ncy is simply retarded by the s[)ecific weight, and 
o[)pose(i by the guiiguc which imprisons the moistened sulphides in its 
pulverulent mass. 

3. If a gas of any kind is liberated in this mass, the bubbles of the 
gas l>ecome coveiHsl with an envelope of sulphides and thus rise readily 
to the surface the li(juid where they form a kind of metallic magma. 

1. The formation of these metallic spherules is singularly active if 
the gJis is in a nascent sbite.” 

Tlie inventor has stated the principles of his process clearly enough, 
though he does not seem to have appreciated how largely the eflects are 
due to surface tension. It is apjwirently because the adhesion of water 
to the gangue is stronger than to the metallic sulphides that the 
bubbles of gjis adhere more firmly to the latter, being as it were forced 
closely against them by the tension of the >vater. The ettect of the oil 
seems to ha to accentuate this action by increasing the repulsion 
between the oiled surface of the sulphides and the surrounding water, 
due to the surface tension of the latter. The process has not come into 
extended practical use. 

Tlie Elmore vacuum process has recently assumed considerable 
importance, because it was found to l>e applicable to a number of 
minerals besides zinc ores, and is, for example, at the present moment 
^beiug employed to treat the slimes of copiKT ores. The process is a 
floUition process which consists in generating bubbles of ^ in the pulp 
by exposing it tt> a {mrtial vacuum, when the air dissolved in the water 
rises ujp through it in the form of bubbles; a very small projwrtion 
of oil is added to the pulp, which api)ear8 as in the Imke process, to 
decrease tlie adhesion between the metallic sulphides and the water, 
and also enough sulphui^ic add to just render the pulp slightly acid ; the 
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action of this is obscure ; it may possibly act by dissolving off any film of 
oxide that may have formed on the surface of the fflilpliides, or by 
neutralising any alkafinity in the water, whereas Ijake uses acid to gene- 
rate carbonic acid gajtfrom the carbonates which he adds to his ores. 

An external view of the essential portion of the appanitus' is shewn 
in Fig. 345, whilst a diagrammatic section of the whole [)lant, according 
to the inventor, is shewn in Fig. 346. The pulp to he treated flows into 
the mixer A, somewhat similar to the mixing cylinder used in the 
Elmore oil process, making^ 16 4) 40 revolutions per minute, oil and 



Fig. 345. Klinore vaemun Hcparator. PerKjwctive. 


acid being allowed to flow through regulating taps into the funnel B, 
The mixture flows into Z>, which fonns a small tank alK)ve the feed 
pipe leading i-u /, the vacuum separator projier. lids consists of a 
conical vessel as shewn in Figa 345 and 346, within which the 
scraper L rotates slowly (1 to 2 turns per minute). The feed-pii>e 
enters in the centre of the bottom of the separator; the pii)e J com- 
municates with an air pump which maintains a partial vacuum in the 
upper part of the separator; as the pulp flows up the feed-pipe and into 
the separating vessel, air bubbles form in it by the action of this vacuum, 
and the particles of metalliferous mineral, which cling to these air 

j 

^ Patent speciUcation, 17,816, 1904, Pategitceo’ Pamphlet 
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bubblcH and are thuH floated up by them, flow off into the coP 
ring K arid thence cHcaiie through the pijie E. The remainde| 
pulp Hettlen to the iKittoin of tlie seiiaratiiig chamber, and i|^*'ried 
by the action of the rctating 8craj>er L to an annular groove^ 
it CHcaiKjH tlirough the pi|)e F. The pipes E and F are 8t“^®''^hat 



Fig. 340. Kliuorti vucuiiiu plant l)i»»j?rsun. 

longer than the Imrometric column, and thus seal oft' the vacuum 
jierfectly ; at the same time the tulics E and F lieing longer than the 
fced*pii)e form a kind of syphon armngement which helps to draw the 
pulp up into the seimrating elmmber. 

A jilant ha«»recently lieen installed at Dolcoath which is shewn in the 
accompanying dniwiugs*, Fig. 347 ; it is intended to recover the finely 
FaitipUWi i»»ued by Inventor. 
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divided copper pyijtes contained in the pulp as it comes from the 
stamps. This is rim into a conical settling tank or'spitzkasten J, 
fitted with a mechaniyahy worked valve, opened at definite intermls, ho 
as to allow only the •sufficiently thickened pulp to run off*; this flows 
into the mixer B, where it is mixed with oil and acid, and is then 
drawn up the tnlie C to the vacuum sejiarat-or D ; the pyritic conceii" 
trates flow off* through two pijies E and tlie remainder of the pulp 
through the piiK.‘8 F to a small Ixix G, whence it flows to the tin-dressing 
plant; H is the air pump producing the vacuum, connected with the 
seimrator by the pipe J. K is an overflow vessel which catches 
any concentrates that run over, so that they may not get into the 
air [>ump. The air pump and all the plant are run by a small electric 
motor. 

In an exi>erimcntal run the plant treated 1^ tons of (dry) pulp 
|>er hour, and used 37 lbs. of acid and 1.3 lbs. of oil |>er ton of ore; 
the crude pulp contained 2*-ll jicr cent, of copjier, the concentrates 
produced by the machine contained 17’4 l>er cent., and the tailings ()'2.3 
per (;ent., the recovery having lieen from !)2 to 1)(> percent, of the copiier 
[iresent. 

The apparatus is usually made with a vacuum separator 5 feet in 
diameter, which is considered the standard size. It reipiires 2 to 2^ H.P. 
t(j (h‘ive the complete unit, which can treat from 20 to JO tons per 24 
hours. Tlie (piantities of oil and acid reipiircd vaty for different ores, 
and I'unge from .3 to .30 lbs. per ton of ore. The process has lieen tried 
on a large number of ores with results entirely satisfactory, extractions 
of over 90 per cent, being frecpiently obtained. In regular running on 
the tidiings from a mill dressing copi)er ores, which tailings contained 
3 [)er cent, of cojiper, 24 per cent, of concentnites with 77 fan’ cent, 
of copper were [)roduced, whilst the tailings from the seimrator carried 
only 0*;; ikt cCiit. .\ foot machine treated about 1.5 tons imr 24 hours 
and used alxiut 7 lbs. of oil and 2.j lbs. of crude sulphuric acid per ton of 
material treated. 



CHAPTKK XL 

ACCmsoUY aVi’LIANC'KS. 

A NUMitKU of upcesKory appliances arc employed about dressing? 
works, which, whilst not dressing apidiances, strictly speaking, arc yet 
of great iinporbince in carrying out the work. A few of the more 
important of these will be briefly considered. 

Transport of mineral to the works. In very many cases tlie dressing 
works are (|uite close to the mine, and at times the mouth of the main 



Kig. JUS. Side-tipping mine ear. Pei'HjKjctive. 


adit or main shaft of the mine is actually within the dressing works ; in 
all su(;h cases the mineral is brought into the works in mine cars ; in 
some ertses these are made side or end tipping, Imt, as a general rule, 
minei's prefer a rigid car with fixed sides, and the underground roadways 
are rarely wide enough to admit projKir tipping cars.. A side tipping car 
of suitable laitteni is shewn in Fig. lUtl, where the dotted lines indicate 
the }K)sition of the body wjjen in ordinary use, the body being shewn 
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as tipped. In small cars are often run on to a tres^e, where 

the contents of the cars may be tipped out into bins *or on to iioors 
below the trestle, or \l8e an end tipping car may lie used with advantage ; 
such a mine car is sho'^n in Fig. ,149 ; in this it wil! be seen that the wheels 



A li 

Fig. :{49. End-tipping mine ear ; A running on rails, B tipped. I’ersjK'etive. 


ai’C set back from the ti[)ping end, so that the weight of mineral helps 
to tip the load, and this plan is advantageous when it is always the same 
end that has to be tipped. More often, however, there are doors at both 
ends, and the wheels are in the middle of the body. 



> ig. .3r)0. Simple end-tippler. Hide and end elevations. 


In larger mines it is more usual to use cars with fixed sides and to 
use some fonn of “Tippler” or “Tumbler" for turning the car over 
and thus emptying out its contents. 

Tipplers are of two kinds: end tipplers or “Kick-uiw" and side 
tipplers. ^ 

A usual form of End Tippler is shewn in Fig. 3r>0. It consists of a 

* , 29-~2 
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cage or platform hung from trunnions on either side, on to one of which 
Tkeyed u brake drum fitted with brake strap and lever worked by the 
foot ^ llie rails on the floor of the tippler are tu^ round at (be end 
so as to grip firmly the wheels of the mine car when rm. on to 'PPle'-. 
The axis of s«s,H!nsion formes! by the trunnions is so arranged that the 
centre of gravity of the tippler with a loaded car in iK.sit.on comes 
somewhat als.ve it, whilst the centre of gravity falls telow the axis 
when the car is empty. On running on a full car and releasing t 



brake strap, the platfonn with the car is easily tippc<l forward, whilst as 
soon as the load of mineral has been discharged, the tippler is easily : 

brought l»«k to its original position. . . „ ^ 

A Mpdification of this, the usual arrangement, is known ni Scotl^. 
as«Ws Tumbler', and is shewn in Fig. 351 ; this is fumisheil with a 
sh^ifon homl, which when tiie car is tipped up forms a shoot for 

» Ti'ont. MitLM. Se^nd, VoL xi. i». 164. 
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delivering the mineral (in this case coal) smoothly and gently, ^ud thus 
diminishing breakage. 

Another foim, inVhich the mine car is held in place by pieces of 
angle iron riveted to the sides of the tippler, is book’s Tumbler^ (Fig. 
3.W); in this the car is completely inverted when tipping takes place. 

The objection to end tipplers is twofold, fii'stly that the mineral is 
throNHi out roughly, and is thus, in case of a tender material like coal, 
apt to be a good deal broken up by its fall, and secondly that their 



Fig. .352. Cook’s tumbler. Side elevation. 


operation is slow, l)ecau8e each car has to be run on to the tippler and 
then back again on the same road, an operation that must be performed 
by hand, and which takes time. In side tipplers the mineral can be 
discharged more gently, and the cars can be run in at one end of the 
tippler, tipped (usually making a complete revolution), and then, when 
the empty car has returned to its original position, run out at the opposite 
end of the tippler, so that the travel of the cars is continuously in the 
same direction. Furthermore such tipplers can readily be driven 
mechanicaUy and may be made quite automatic in theij* action. There 
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arc vcry^imii)' different types, onlya few of which<will be re — ^ 

here. ‘ / . , ’ * 

A fwirticularly nirnple form, which is intended to w^ork like a kick-up, 
but to ti]) sideways so its to keep the cars moving only in one direction, 



Fig, 35.^. Tute’s tippler. Plan, sido and cud elevations. 

is Tate’i Patent Tippler shewn in Fig. 353. The more modem 
tipplers consist of cages supported on rollers, into which the car is run, 
and are driven by friction, by gearing or by chain drives. 

A Piictlon-driven Tippler, patented by Messrs Head, Wrightson & 
Co., Ittd. is shemi in perspective in Fig. 354, the details being shown in 
Figs. 355 and 365*. It consist^ of a circular cage, into which the mine car 
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ig run, carried upon jpur rollers. Onaof these is the driving roller, having 
i(s tread cut out into a groove, thus : \_y , into which fits h corresponding 
ring that forms partVf the cage, this forming the friction drive. The 
driving roller runs lodse on a shaft which is coninuously driven off any 
convenient [K)rtion of the machinery of the heapstead. On this shaft 
is a sliding clutch, whicli can be made to engage the driving fi-iction 
roller by pulling over the handle A (Fig. 35.5) of a short lever, this k'ing 
done by a boy in charge of the tippler. Tlic latter then revolves, and 
whenlit has completed its rc\^lutk)n, the small wedge B pushes bick and 



Fig. 3.')4. Friction-driven side tippler, l’er«|>ective. 

frees the clutch and thus stops the tippler, which is furtlier held in its exact 
position by the trigger C on the handle slii)ping over the pin shewn, 
A loaded car then runs into the tippler, the track to w'hich is usually 
on a gentle gradient, and pushes out the one that haa just been emptied, 
which continues to run forward. Sometimes the services of the 
attendant are dispensed with, the empty tub, as it runs out, pushing 
over a lever which is linked to the starting lever A, and thus working 
the tippler automatically. ^ 

The mechanism of a gear-driven or positively-driven tippler by the 
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same makers, and <iuite identical in principle with the lU named, is 
shewn in Fig. 356, tl\e lettering being the same as in Fig. 355. *Tip{)ler8 
are sometimes made ^ with unequal motion, so as to empty the full tub 
slowly and bring it back agjiin rapidly ; some are made to hold more 
than one tub at a time. 

For transport over moderate distances, esiKJcially in hilly countries, 
wire-roj)e tramways may be used with much advantage for cann ing the 



mineral from the mine to the dressing works; there are two main types of 
aerial tramways, namel}' the double* and the single-rope. In the fonner 
there is a heavy fixed rope or rail-rope on which run sheaves or rollers 
from which the btickets containing mineral are hung, and they are 
liauled along by means of a light endless travelling rope. In the single 
rope system there is only one endless rope, which travels on suitable 
sheaves and to which the hangers carrying the buckets are clipped 
The selection of the proper type for eacj^ particular case depends upon 
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a number of circuiUHtanccH; here it need only l)e ij^id that the single 
type in usually preferred except in the case of steep gradients, long spans 
or heavy loads, when the double rope system, though more expensive 
to instal, is usually the Inorc satisfactory. In botl! systems the hangers 
carrying the buckets run on to a length of rigid mil at l)otli the loading 
and the discharging terminals, and the buckets can l>e ti[)[)ed at any 
desired point along this rail, cither by hand or automatically. 

For the transport of large 
(pianyties and to long distances, 
mineral railways are often used. 
The l)est plan wherevei' practic- 
able is to use hopper cars, and to 
run these on to gantries over the 
point where the mineral is to be 
deposited; usually the doors at 
the bottom of the cars are opened 
by hand, hut automatic tripping 
devices have been used, by which 
the dooi*s are made to open auto- 
matically, and sometimes whilst 
the train of cars is in motion. 
In other cases curs with movable 
sides or side doors have been 
used, so that the mineral is easily 
shovelled out sideways. In a few 
eases the cars are run on to a 
Fig. 35ft. Mochauisin of gcar-drivon section of track which is- swung ^ 

tippler. Kncl elevation. on pivots, so that one side can 

l)e raised, often by means of 
hydraulic mms, until the cars are sufficiently inclined to discharge 
their contents. 

The advantages or otherwise of any of these arrangements depend 
essentially upon the cost of unskilled Jaipur; >vlicn this is cheap, dis- 
by bawd vs wot infrequently more economical than any of the 
above automatic or labour-saving devices. 

Storage of mineral. The mineml when brought to the dressing 
works has usually to be stored, so as to keep in hand a sufficient stock 
to enable the viiprks to be kept goidg in to the 

transport arrangements. It ig usually considered that there should bd 
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being a^ut 45“, whilst spouts are* suitably arranged for the discharge 
of the niineraf. .These spouts communicate witlj the interior of^ the 
hopper by means of Oatei, by which the discharge of mineral is controlled 
It is often re<|uired t<f have a more or less confinuous discharge, the 
amount of which requires regulating. In that case a sliding gate is 
used, the exact {wsition of which can Ik; adjusted by raising or lowering 
as re(iuired. The l)est aiTangcmcnt is probably that shewn in Fig. 357 
in which the gjite is fitted witli a rack in which gears a pinion actuated 
by a hand wheel. P'or wide gates » paif of racks and two pinions 
on the same shaft are preferable. Sometimes the gate is only a plate 
of stout iron, that can l)c raised or lowered by a chain, or that can 
be fixed in any desired position by means of a pin or a wedge. 

Sometimes it is less imiMjrtant to control the mte of discharge than 



to lot out rapidly a quantity of mineral and to stop the discharge 
abruptly. This may be done by having a hinged shoot, the pulling up 
of which against the side of the bin closes the aperture. The gate may 
also be a door raised and lowered by a lever, as shewn diagrammatically 
in big. 358, which enables the height of aperture to be adjusted and 
also to be elosod ra[)i(Ily at will, and which answers well for mineral 
broken small ; for coai-se fricces it is less effective, because it may come 
down upon a big piew, which will jwevent itw closing down properly 
and may thus leave room for smaller pieces to run out. For coarsely 
broken mineral^ the gate is l)est made of an iron plate pushed up 
through a slot in the shoot, by means of a link and lever, as shewn 
in Fig. 359, which does not however provide any means of adjustment 
Another satisfactory form is shewn in Fig. 360; here the gate 
is a portion of the surface of a cvlInHAr wIiIaK aoii i-la 
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horissontal axis by levers as 8hewil;^the gate may thus bi opened and 
closed very smoothly and evenly. 

A still better form of cylindrical gate, for use when an ac^jiistable 
aperture is not required is shewn in Fig. 361, wWch gives the details of 
its construction. In Fig. 362 the position of the gate is shewn diagram- 
matically, when closing the bin at i, and when the aperture is oi)en at 
B, As will be seen the gate is formed of a plate of iron about J inch to 
I inch thick, the curved face of which forms the gate proper, whilst the 
flat portion forms a part of the s[ioot when the gate is ()i)en. This form 
is very convenient in practice. 

Construction of bins. Smaller hoppers are usually built of stout 
boiler iron, riveted to angle iron corners ; this construction is shown 
in connection with rolls in Figs. 114 and 120. More rarely they are 
8Up|)orted on wooden frames ; sometimes also they are made of stout 
plank lined with sheet iron, occasionally of cast iron jdates. Larger 
bins or pockets are made of almost all materials; they are at times 
built of masonry, or even of dressed stone, these being very satis- 
factory and permanent materials but high in first cost. They are mostly 
framed of stout timbers, and built of planks about 3 inches in thickness; 
such )>in8 arc shewn in connection with a stamp mill in Fig. 13B ; a good 
l)lan consists in making the lining in two thicknesses, an outer one say 
of 2 to 2i inches and an inner one of 1 to | inch, the inner one being 
readily n uewable when worn. The outer [)lank8 should run diagonally, 
w hilf " the inner ones run vertiailly, in the direction in which the mineml 
slides. Bins are often built of plank lined with iron plate i to | inch in 
thickness. The bottom, which is exposed to most wear, is often laid with 
*cast iron plates. A very good arrangement consists in lining the sloping 
l)ottom with old rails, laid as closely as possible together ; fine mineral 
soon packs into the space between the heads and a very durable lining 
results. 

Of late }i;ars large storage bins have been built very successfully 
of ferro-concrcte'; several of these have l)ecn erected in France. They 
may Ihj lined with iron in quite the same way as wooden bins. 

Conveyori. Mineral frequently requires to l)e conveyed from one 
I>art of the dressing works to another; this is sometimes combined with 
a certain amount of lifting, so that conveying appliana‘8 act also as 
elevators, and the latter term will therefore be restricted here to lifting 
mineral in an almost vertical direction. 

‘ Tiam. Min. JnH. En^. VuL xxxiit. 1907, p. lo. 
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Coarsely broken^ mineral is usu^ly, and finely crushid mineral is 
sometimes, carried in cars of the same fonn as mine cal’s, an Ordinary 
side* tipping car being particularly convenient; the capacities of these 
vary nsually between* 15 and 25 cubic feet, andathey run on tracks laid 
with light rails, the gauge being usually 18 to 30 inches. For short 
distauccH and small total (piantities they arc genenilly pushed by hand ; 
for long distances, jiractically horizontal, endless wire rojie haulage, or 
prefeiiibly jierhaps endless chain haulage may Ihj employed For short 
distances, and large (piantities, (^^pecially where loads have to lie taken 
up an incline, Creepers are used. These consist of an endless chain 
running in ii suitable channel in the centre of a railwsiy track between 
the rails. At proi)er intervals pieces are secured to the chain which l>ear 
against the axles of the cars, jind thus carry the latter up the incline. 



*These pieces automatically engage the axles of any cars run on to the 
foot of the incline and the cars automatically run otF at the head, the 
track lieing caused to slope downwards away from the head. 

Hu ii a 'Teeper is shewn in Fig. 363, this representing a colliery 
creeper for running empty tulw up an incline, the details lieing clearly 
shewn in the figure. A somewhat difterent form of chain is shewn in 
Fig. 364, in which the catching piece, A, is a simple triangular [liece of 
iron plate, whilst Fig. 365 shews a flat linked chain of sufficient width 
to maintain a straight line, with the catching pieces, A, that engage 
the axles secured to the middle, llie H[)eed of a creeper chain must 
be slow, say 2 to 3 miles per hour; someMdiat higher speeds may be 
employed by using a pushing piece with a spring buffer, but this Jidds 
comnlications and is not in aiiv erreat favour. 
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All the l^arious forms of picking belts described in Chapter III, 
p[). 8B~^100, lilay ho used for conveying purposes, *belts of the Robins 
I)atteni, p. 90, l)eing largely used for this puriK)&e. These belts Hmy 
l)e up to 0 ft. in widtl^and will work on gradienjts of as much as 20°; 
their H|)eed may Ik; as much as 600 ft. jMir minute. The Jeffrey 



Fig. .’Hi."). (!roejK‘r cljain. Side elcvatioii und plim. 


Oentury Conveyor, Fig. 800, diftei>} from the Robins in that both 
sides of the Mi are inclined, whereas in the Robins, as shewn in 
Fig. 05, tlie central }H>rtion is horizontal; the Jeflrev (;entury conveyor 
uses an indiarubber l)elt like the Robins. Woven canvas belts have 
also l)een used successfully for conveying purposes. 



Fig. Jcffroy century conveyor. 


Bucket Oonveyon, consisting of a sei'ies of boxes^ carried on link 
chains fitted with rollers, are also used for moderately small stuff: 
Fig. 367 shews such a conveyor made by Messrs Graham, Morton 
& Co., Ltd. 

All the swinging screens descrilKsd in Chapter II are also used as 
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swinging conveyor Tl.e Zteuner Oonwyor (sec pp. 4(lau«l «(») was 
one of the first of tte and has been used largely for couVeying aiinciul 
especially coal, which is inovcil forward at the rati^of .50 to «o feet 



.{(>7. iJiickct coiivnor. IVrsjKrtivc. 


per luiimte; a !{() inch troii^rh (j inches decj) will caiTv n|) to IK) tons of 
coal per hour. 

Swin^^ii.^^ conveyors are not well < adapted for carrying mineral 
up-hiJl and are used especially for transport in a horizontal direction. 
There are a number of ai)j)Iiances that may 1 k‘ (biassed as Trough 



Fig. Scmi>er conveyor. Klevation and phni. 


Conveyors, in which the mineral is moved along a fixed trough by 
various devices. 

The Scraper Conveyor consists of a trough in which travels an 
endless steel ehain which drags |he material along. One form, as 
made by Messrs Head, MVightson & Oo., Ltd, is shewn in Fig. 'm 

§0 
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Ab shev^ri, thp chain is made of flat steel strips 4 inches deep by | inch 
thick iK^it inth the shape shewn, tlic links being ^coupled together by 



Fit?. .Sna S(;ni[)er conveyor, ronspoctive. 


steel [)iiis. This ibnn is suitable for (|uite coarse mineral but is best 
api)liefl to a light material like coal. 

Another type, better suited to small stuff, is shewn in Fig. 3C9, 



Fijf. .S 7 n. ScraiHjr (•(diveyor. Perspective. 


this being made by the Jeffrey Manufacturing Co. Another form byj 
the same makei’s also for finer material is shewn in Fig. 370. 

Finally the Screw Conveyor, which is very largely used Jbr con* 



Fig. S71. Kerew conveyor. Fersisjctivoi 

veying finely crushed material, is shewn in perspective Fig. 371, ibis 
also being a pjitteni made by thei above named Company. Another 
verj' similar fimn is shewn in plan and elevation in Fig. 37SI 
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It w#l readily be understood th%t these various conveyors are made 
in a large number ^of different types to suit special fconditions; the 
princiides should however be clearly ink'lligible from 
tho illustrations here given. ® 


Elevators. The most usual plan for elevating 
very coam* stuff is to use a hoist lifting one or more 
cars containing ore. These hoists may Ihj worked 
on any desired principle ; they are often mechanically 
driven eiAier off a convenient line shaft or by a 
s|>ecial motor of any kind; in recent times electric 
motors have lieen much used for the jinrpose. A 
mechanically driven hoist of the most usual con- 
struction is shewn in Fig. 37,1, this l)eing a pattern 
built by the Humboldt Fngineering Co. (Vlinder 
hoists, either worked direct or with rope gearing, 
the ram being moved either by steam oi* compressed 
air, are also much used; hydmulic lifts may be 
employed but are usually rather too slow for this 
[lurpose. In small works a water-l«ilance hoist is 
often used espeiaally where an ample supply of 
water at a high level is available. 

For me(lium- and small-sized material the bucket 
elevator is in very geneml use. It may l)e vertical 
as shewn in Fig. .17a, but is more often inclined at 
l(F to 20 to the vertical, as sliewn in Fig. 171. It 
consists of chains of various tyjKJS to which buckets 
are atftiched, which pick u]) the material delivered to 
the lM)ot at the lower end of the elevator and dis- 
charge it at the upper end. Tlie chains may be 
flat link chains passing over hexagonal or octagonal 
tumblers, or ordinary pitch chains passing over 
sprocket wheels. Generally the up[)er end is 
mechanically driven, whilst the Ixjaring of the lower 
end runs in slides with pro{)er tightening screws. 

In many cases these elevators are made of stout 
canvas, indiarublier or Balata belts, to which pressed 
steel buckets are riveted. Huch buckets are made 
from 4 inches to inches long and ,3 to 12 inches wide. With buckets 
say 18 by 8 inches, 8i)aced 18 inches aimrt, a l)elt, travelling at a ijormal 
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H[>ee(l H 14 CI 1 m.iioo feet |)er iniimtl*, would elevattf about 3000 cubic 
feet of material per hour. Siajedw ui) to :>00 f6et jHir minute mf 
k* used. TlieMe elevators are gejjerally em])lo}’ed^for dry material, but 
work wjually well u|KHi wet; in the latter case the buckets are some- 
times made of punched or |>i*rf(mited sheet steel, so as to allow the* 
water to drain oti' more or less completely whilst the material is king 
elevated. 

File power re(piire(l to work a bucket elevator may k approximately 
determined as folhovs : * • 

Let V l)(‘ the speed of travel of thv. chain or belt in feet i)er minute. 

Let D be the distance apart of the buckets in feet. 

Let ir be the weight (»f material cmitained in each bucket. 

Let // be the total height of lift. 

Tlien the horse -jKJwer re(|uired is a|)))roximately : 

r.ir.// 

The bucket elevator has almost displaced the Half wheel, which was 
at one time largely used for the same purposes, and is still seen at times. 
A rail' wheel is built like a water wheel with the bmrkcts on the inside, 
i.e. o|H‘ning inwards. This wheel is driven by gearing or* kiting and 
revolves slowly, a shoot discharging the material to be elevated into 
the buckets; sis the wheel revolves this material is liftcni and is dis- 
charged w hen the bucket reaches its highest position andis therefor© 
inverted. 

Conveyance of pulp. Pulp may exceptionally be curried hoil^ 
zontally in Imckot conveyoi*s, but is more often allowed to run down in, 
launders inclined at such an angle as to enable the pulp to flow. These 
launders are mad(* of woml, stout sheet ii*ou or cement; the k'st shaj)e 
for a launder is one that gives the maxiumpi of sectional area for a given 
|H*riim*ter, and launders of iron or eonca'te are therefore usually made 
semi-circular. WchhIcu laundci*s are usually miwle rectangular, and 
should then k‘ m projMirtiontnl that the width is tw ice the depth ; if they 
k umde with the sides inejmed at an angle of instead of king 
vertieiil, their tn\us[K)rtiug power will Ih‘ increased, but such launders 
are m(»re ditticuU U) constnict and keej) tight, and are therefore seldom 
seen. Small launders are sometimes made V-shaix'd in cross-section, 
the angle At the aIK^x king a right angle. The mte of flow' of the pulp 
is beat detenwned exijerimentally;* the well-knowm fonnulas for the 
flow ofl water in channels wiy give an approximation to the truth, but 
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caunk Ik? relied oi^in all cases, as tlie constants have onl^' Xmn dekr- 
niined for a few sii^cial cases. The following fomuiht due t5) Italian 
engineers is sufficiently correct for most puriK>ses: • 

Lt‘t M l)e the ineaft velocity of flow in feet ix‘f second. 

Let r Ih? the mean hydraulic depth in feet (i.e. the area of cross- 
section of the stream in s<[uare feet, divided by the iK'rimeter of the 
wetted portion of the launder in feet). 

Let i l>e the gradient of the launder, expressed as a fraction. 

'riien A h/ ^ r/. 



Fig. 370. Tailings wheel. Hide view. 

Tl»c mean velocity of a water current that will just move mineral 
matter of different sizes has l)een detennined for rivers as follows : 

Light clay is just moved at a mean airtsam velocity of 8 inches jxir scjcond 
Sand „ M M to „ „ 

Small gravel . „ „ „ „ «. 32 „ „ 

Pehblea „ „ „ „ m 40 „ 

Broken stone „ „ „ „ 04 „ „ 

EleTatiny pulp. This is ofkn done by means (jf so-called satid 
wheels or tailings W'|>eel8, which are built at times of large dinvensions; 
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they have lapen uned largely on the Witwatersmu^i for elevating the 
tailiuKH from HtJln 4 > iihHh for further treatment, a t 3 ipical example being 
nhewn in Fig. W, Thene are often made up to 50 feet in diameter, and 
are Imilt exactly like 1-aff wheeln, except that they are much larger. 
The Hlirouding of these wheels is Jisually of wood, but its outer 
|K*riphery, which forms the bottom of the buckets, is often of iron plate 
alsmt i inch thick, the jMirtitions l)etween the buckets being of the 
same material. The buckets are usually about 12 inches deep and 15 to 
21 inches wid(‘, and are pitched 12 to i5 ii^ches apart. The [K*ri[)heral 
sjM'ed of the wIk'cIs is alM)Ut 500 feet |K‘r minute. 



Hg, lUvipnioutiiij^ tni\ fwiler. Stvlioiml elevation. 


hor high lifts pumps are employed, the plunger tvjK) l)eing the most 
gt‘iu;rally satisfacU»ry ; centrifugjil pum{M and the spiral siind pump are' 
fUso used for nuKlemte lifts. The oniiuary bucket elevjitor can Ihj and 
ofttui is used for elevating [)ulp ; the bucket^H are then often of very 
large size. 

Feeders. It is very im|M>rtant in many cases that the material to be 
treated shall la* sup{)lied regularly and uniformly, more esjpecially to 
crushing ntachinery ; appliances for piftecting this are known as feeders, 
and are made on a number of different nrincinles. 
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TTic Reciprocating tray ftede* consiHts of a troy #«t at an angle 



of about 1 5‘, and fonning the bottom of a hopper. It ia ahewn in Fig. .(77 
as built by the Humboldt Engineering Co. It is moved Jo and fro by an 
eccentric or a crank, at some .i to 1.'. strokes per minute; on tl|c back 
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Htrokc the material dniptt out, whilaMtlie forward stroke advances the trav 
to receive a fresh iiortioii. Tliis feeder is very well'adapted for feediiuj 
riKWireakcrs, especially the secondary rock-breakers in tandem breaking. 

Jheie are nnineronS Shaking or Bumping tfay fteden A very 
Hiniple fonn as applied to stamp mills is shewn in Fig. 3-tt, which consiste 
Miinp j of a slnsit held up by iron lairs supisirtcd on strong spiral 
spnngs; the ore runs out of the hopper on to this shoot, which is at an 
angle flatter than the angle of re|K.se. The middle stamp stem of the 
•attery has a collar attached to it, at sucli,a height that when there is 
"" "I'c on the die this collar strikes an iron fork that jerks down the 



rulloi'h IVotlcr. 


idumt, and fmls ort- into the laittery Ik.x, A similar appliance is often 

Il !‘f tfo !' v' : : " the 

"’If collai on the stauifi stem as shewn in Fig. 120 

. 1 atifie c(«st of h. Amernu for feeding stamp ktteries, and is still used 
te some extent, shewn in Fig. .170, is of the same ty,K.. ' It consists of a 

ierZl r ' “ 7TT “he the previous one is 

jtrkisl dimnwanls by the tap,«t or by a sfx-cial collar on the middle stamp 

ndl! "^"'f h'eeh ““t projects upwank When used for 

shift 1 V driving 

, orked by a belt off ong of the roll shafts, passes beneath the trav. 
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awd keyed on thistshaft there is k small cam that tl^rews the tray 
forward at each revolution of the shaft 

The Challenge feeder has already l>ecn dcscrilxjd^on p. l/j in con- 
nection with stamp 'mills, for which it is vety largely used, either 
attac’hed to a hopjKjr or in the so-t;alled Hua|)i*nded fonn, in which it is 
applied to the end of a shoot. It may also Im* used for other forms 
of machinery, as shewn in Fig. .‘iHl, this la'ing a form made by Messrs 



.3S)) lielt-<lrivt!ii Tullwli feeder. rerH|>eetive. 


FimT and (dialmers, Ltd. A lay shaft is driven by l)elting, and a (iam 
m this oi)erates the lever actuating the friction ratchet which slowly 
revolves the oblicjue tible that fonns the Imttom of the hopjKjr; the 
revolution of this table feeds the ore forward. 

Simpler feeders are made on the same principle in which the table is 
caused to revolve slow ly by means of gearing without the intervention of 
a cam and friction ratchet Tliis fbrm does perfectly good w ork on most 
ores. 
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Holler feei^n have ln'eii made ii maiivfomiH ; they consist essentially 
of a shrK)t or hojtper closed Ik’Iow liy a roller which is'sh)wly rotated so ajf 
to <arry the matt'rial forward; they answer very well on dry, medium 
sized matiTial, Imt areti|>t to feed irregularly with’ wet sticky ores, and 
with material very irreKiilar in size. .1 typical form is shewn in Fig m 
Nometimes roller fe.-ders are ma.Ie with rollei’s having longitudinal ril« 
or grooves, which .seem to feed irregularly sized material more imiformlv 
tliHii (Id the plain nillerx ^ 



to m^netie, pneiimatie or electriwtatie se|iaration. Drving fiiniaa-s 

th.^ m,«t genemlly employral Rotary drt eiw are cylinder; usually 

T ir'"« ««»<t I'-MHawal to heat often' lincl with 

bnekwork. llic cylinder is usually set at a slight inclination; it is 
earned on friction rollers and rotated by means of gearing. The iipner 
end IS TOimccted to a stack, and the lower end U. a fire place. The 
material to be (Irictl k coutiiiooiisly fed in at the upper end and 


Akemry Apj^anm 4T7 

discharged at the lower, usually intj> a bin or on to a co<jlin| floor; a 
very convenient arijEingeraent is to discharge on to ai/ iron eonveyor 
l)elt* which carries* the dried material away and cools it4it the same time. 

Shelf furnaces consist of a rectangular stack, the upisT end lH*ing 
conni^cted with a chimney and the lower witli a fireplace. The furnace 
is filled with shelves which are made in many ditterent forms. The 
material to l)e dried is fed in at the top and drojw down from shelf 
to shelf, until it is discharged in the dry stjite at the Isittom. Mdison uses 

a shelf drver in which the shelves are geiitlv shaken to cause the material 

% * 

to dro}) readily. 

All forms of drying furnace fcipiire a good draught so as to carry off 
rapidly tlie steam given off during the act of drying. 



Weighing. It is usually necessjiry to determine tlie (piantity of 
material delive»'ed to oi’ from a dressiiig workK This is in most aises 
k‘Ht done by measurement, counting the numl)er of cars, buckets, etc., 
which is ijsualh done by some automatic registering counter, and deter- 
mining the average dry weight of material that the rece[)ttU!leH contaiji, 
such determination l)eing re|)eated at intervals. When the (piantity is 
detennined by weighing the |)ercentage of moisture present must be 
regularly determined, and the strict rule should lie oba*rved in all 
dressing works to make (silculatioiis Hj)on drj' weights only. Hallway or 
mine cars are usually weighed on weigh-bridges or platfonn sc’ales, these 
being often self-registering. A sguilar arrangement is used for aerial 
tramways, a short section of the fixed rail lieimr cut out and liinml. 
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no that tlie jveight of a bucket hjtn^^ing from it ^can be determined 
Material* that f« Injiiig carri^d on a pliable convepr belt can also 
weighed coritimiously, whilHt the l>elt is travelling, by automatic 
iiMichinery, a given Icigth of the loaded belt being weighed at each 
ojMjration. 

Sampling. Automatic sampling plant is sometimes employed for 
taking s}un])les of the crude mineral and of the various products. Such 
samplers are made on many different principles; the most satisfactoiy 
seem to take the form of either a roftiting spout that distributes the 
stream of mineral into a series (»f iMK-ke^s or spouts, a hinged spout that 
is momentarily dc'flected so as to deliver a certain portion of the stream 
ot rninend into a special receptacle at uniform intervals of time, or else 
a Imcket or tray that cuts at intervals across the stream of mineral. 
Files of mineral are usually sampled by hand. 

Finally it may be pointe<l out that a suitably e(iuii>ped assay labora- 
tory should k* looked upon as an indispensable i)ortion of the equipment 
of every complete dressing works. 



(CHAPTER XII. 


(iKXEHAL COXSTIU^I^TION OF I)HKSSIN(i WORKS. 

The conditionH iiiider whicfi drcsshiji!: has to Ihj performed are so 
various, the minerals to l)o sulanitted to it are so different, and the ol>jeets 
to k' attidned are st) widely divergent, tlmt the problem in its entirety 
ju’esents fur too great a degree of comjdexity to lx; aipable of any 
general solution. It is rare that the desired result oin lx; reacthed by 
any single one of the processes or appliances already descrilx;d, and the 
oix'mtiou of dressing generally consists in a combination of a numlx;r 
of these individual processes. Generally s|K*aking a certain amount of 
comminution must precede any process of sejmnition, but after the 
earlier stages, it is not at all unusual to find methods of commimition, 
methods .ff sizing, and metluMls of separation succeed each other alter* 
nately. It has already Ix'en seen that there are usually a nurnlxT of 
different appliances that may be used for attaining a given object, and 
the choice of any particular one may deix;nd not only on the nature of the 
materials to lx* treated, but also u|K)n other conditions, and is fre(piently 
influenced by lolal cu.stom or even by the idiosyncmcies of the engineer 
in charge. * (ireat variations are therefore admissible not only in the 
pr<x‘(‘sses then’^elvc‘s, but also in their combinations, and to a certain 
extent also in the order of their succession. Under these conditions it is 
imix)ssible to by down any hard and fast rules for the arrangement, 
design or < {»ii8truction f)f concentrating works, and it is oidy iK)ssible to 
offer a few geneial considerations and suggestions, ca|)ablc of extended, 
though by no means universal application. 

Site of Dreulng Worki. It is obvious that the position of such 
works will lx; decided mainly by economic considerations ; it may lx; 
selected with reference to its nearness U) the mine or mines pnxlucing 
the ci-ude material to lx; treated, to the markets or means of communi- 
cation with the markets, to the water supply, to the ready disiiosal 
of waste i)r(Mlucts, and to the source of motive iK)wer.* The latter was 
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at one time ijerhajw the dominant coiwideratioii, but with the develop- 
ment of fjlectriti jiower traiiH|piHHion, han Ixjcome Hofnewhat subordinate 
to the others. Ai wet dressiiij^^ mill must have an ainfUe source of water 
supply, which is prefenjbl\ obtsiined by |(ravitatiop, by turning streams 
or britiging in dikhes to deliver to reservoirs alK»ve the level of tlie 
dressing wiu'ks ; on tlie other hand when the contour of the country 
renders this difiicnlt, pumping may be resorted to, especially where 
power is cheap, and occasionally it may ha])|)en that it may l>e worth 
while to construct jiipe lines of considerable length. Necessarily, since 
the operation of dnwing implies the separation from waste materials, 
there is ni (‘very dressing works such waste to 1 r‘ got rid of, and the 
ready and (‘(M»nomical rimioval of tailings is a very important matter, 
which sfioidd ni‘ver lx* u(‘gl(‘cted. The omission to provide for it when 
deciding upon a site frequently entails a heavy addition to working costs 
after a few yi'urs work. The Ix'st situation in this respe(;t is when 
the works cjiii be placed (Ui the shores of a swamp, a lake or of the sea. 

location on tlie side of a valley down the bottom of which flows a 
large and rapid river is also a favourable oiu‘, ]>rovided that the tailings 
cause no injur\ to p'ro|K‘rties further down the course of the river. 
Sometini(‘s it is ueeessary to run tailings into dams or settling pits ; 
these should be in duplidiP* so that one set may be dug out and emptied 
whilst tlu' othei*s are tilling uji. This arrangemeiit is sometimes resorted 
to when' water is scarce, the main object then being to use the clarified 
water over again in the works. Sometimes the waste has to lx* piled 
up in big heaps elos(* to the works when no other means of getting rid 
of it is availabU*, and at times mechanical means m|st lx* used for 
raising the waste material to the top (»f the heaps. 

The ac(’essil)ility of tlu* site either from the mine or from the means* 
of tnuisport to market is an impoHant matter, the former Ixing the 
more im|)ortant considemtion when the proixution of worthless to 
valuable matter is very great (e.g. in a gold ore) and the latter 
when this proixation is comiwratively small, e.g. in a coal mine. It 
is however usually pos.sible to si‘lect a site within reasonable distance 
of the mine ; the mineml is geiiemlly brought from the mine either 
in waggons, by means of hand haulage, hoi'se haulage, self-acting 
inclines, nux-haniad haulagi*, or any other convenient means of 
trans|)ort, or by the buckets of a wire nipeway, the latter ujetluxl 
(iften pix*senting im|K>rtiint advantages. As regards the facility of 
transport to market, this l)ecomes of vital imfwrtance when such 
product as c(xd and iron ore have to lx* ship^xHl ft is almost indis- 



\^eii8able in such ci|e8 that the diijistiig works should 1)q bo close to 
A railway line, canah river, sea, etc., that |he d!*es8e(l minerarciui Imj 
loaded direct into raihuy trucks, canal Imats, l)ar>(es*or the holds of 
stumers. On the otilier hand this consideratiOli is practically unim- 
portant in the case of gold or silver mines. 

A few other considerations have also to Ik* taken into atroiint 
Tlie site should admit of a g(M)d foundation lK*ing got, it should lx* HlM)ve 
fl<K)d level, and sjifc from avalanches, whilst the considerations common 
to all works, i.e. nearness to a source of labour and u(X‘essibility to good 
and chea[» suptdies, es|K‘cially fuel, are imjK»rtant. 


Gteneral Principle! of Dreiiing Works, in tin' simpler typ('s of 
dressing works there is scarcely any (piestion of [irineiple involved. 
There are, however, very many works in which a general succession of 
ojxirations has to Ik* observed, somewhat jis follows : 

1. Preliminary coarse breaking of the mineral, which may in 
many cases be ibllowed by a more or less complete sorting into various 
(jualities. 

2. Finer crushing <»f the mineral. 

Sizing into sizes suitable for individual treatment, accomjMinied 
often 1 } v removal of the slimes for seiwirate treatment. 

t. SeiMiration of each size into several—usually three— grades, 
namely, 1st, more or less clean heads or concentrates, 2nd, middlings 
for re-treatment, .‘trd, wtiste or tailings, priuitically Imrren, or at any 
rate coiitaining so little valuable material as not to lx* worth further 
treatment. 

5. Finei* cnishing of the middlings, followwl by further sizing or 
^classification, and seimration, until all the middlings are rediiced to the 
fonn of either concentrates, tailings, or slimes. 

6. Slime treatment, which seimratcs the slimes fis completely as 
IMJSsible i’ito coiveiitraU;s and biilings. 

^Tlie various metluKls ()f etFc*cting each ojairation will lx* clear from 
what has [xeceded ; the important subject of middlings alremly dis- 
cussed on p. 22H desencs however a little further attention. In the 
simplest case, where two ditferent minerals have tt) lx? setiarated fnun 
each other, many of the imichiiiiw used to effect this separation are 
designed to produce practically clean conamtrates consisting essentially 
^ of one of these minerals, practically clean tailings, consisting easentially 
of the other mineral, and mi(}dlinp consisting of a mixture of tlie two 
minerals. Middlings may be due to one of two causes ; firstly, either the 



482 The Dreeing of Mine^ y 

Msparatiiig m^hinc may !« unsuitable to its work or may be given W 
mucli abrk to’* dp, in whicj case a certain number of grains of eadj 
kind of mineral «vill |iass into the middlings, owing to the action of" the 
separating upjdiance I ssing defective ; tliesc middlings, due to some defect 
in tlie seimrating appliance and not to tlie nature of the material, may be 
called “ lalsc ” middlings, and these can l)c seimrated into concentrates 
and tailings l)y passing them once again through the same machine or 
through some other nuichinc cajMhle of separating the minerals. 

Or secondly, the middlings may epnsist of grains comjxwed ))artly 
of one mineral and iwrtly of the other, and therefore intennediate 
in proisjrties iK'tween the pure minerals, and these “true” middlings 
cannot lie se|)arated into their constituent minerals merely by passing 
them through se|iarating maehinea It is to such true middlings that 
I’rof. Hichards' phrase “Once middlings, always middlings” jiroijcrly 
applies. W hat are here called “ false ’’ middlings may lie, and often 
are, more dillieult to se|airate than the original ernde crushed material 
liecause ftiose lairticles, which, owing to their size or shaiHi, are the 
most ditlicnit to separate eleaidy, are natnrallv those that will find 
their way into the middlings; they are however always capable of 
seiMiration by suitable appliances. True middlings can however only 

treakHl by ernshing them to a smaller si.e, so as to produce articles 
(•(insisting wholly of one or wholly of the other mineral. This oiieratioii 
will have to lie re|K'ated until the stage of slimes is reached, when the 
greater |Mirtion of the fine (larticles will consist entirely of one or other 
of the minerals ; the relatively few lairticles that consist |airtly of one 
and imrtly of the other, will lie sc|iamte(l in this sense that iiarticte ' 
that consist for the grinder part of one kind will jaws into the concen- 
tmtos, whilst those that consist for the greater jiart of the otho|i 
kind will laiss into the tailings, the dividing line between the two lieing 

drawn ni accordance with economic mther than strictiv technical 
couHidemtioiiK. 

( lonely connected with this subject of the re-crushing and further 
troatment of miiidlings, is the application of an imiKirtant principle, 
known as the principle of “gradual reduction,” already referred to on 
ft 2S», the application of which deiiends upon the character of the 
miiKjral to lie ta-ated If the mineral mass consists of very minute 
f»rticles of the individual miiieralH uniformly disseminated, it is obvious 
that the whole mass must k- crushed down to at least the size of 
these [larticles Ui effect any separation. Rut if the particles of one 
ot the coustituciit miiicrals, even tlioiigh small, be irremilarlv d!<u 
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tributed, it is obmus that larger! fragri^nts can be.fdund,^ which 
^oiild consist practMly, if not absolutell, of one \)r other of the 
minerals in question ; generally speaking the more valuable mineral 
forms the smaller pro|K)rtion of the mass, so that comiwratively large 
fragments of eonqmratively clean waste may mostly Ik* obtainiHl It 
would therefore Ik.‘ iMwsible to first of all break the mineml to a suitable, 
comparatively coarse, size, and to eliminate at this stjigt‘ a certain 
proportion of pmctically clean wjisU'; the remain<ler would then 
Ik? crushed smaller and tlr itTocess re|K‘ated, a (certain amount 
of waste lK‘ing got rid of ^t eacli stage, until the remaining 
jKirticles are small enough to enable a final se|mration to Ik* imwle. 
It is obvious that by this pr<K?ess of gradual reduction, <Mdy a small 
proportion of the wliole mass need Ik* crushe<l t(» the degree of fineness 
necessary for complete sej)aration : of course a certain pro|)ortion of the 
valuable mineral is liable to Ik? lost with tlie waste, but the iK‘Cunia?*y valut? 
of tluN may well Ik* less than the additional cost that would Ik? incurred 
by fine-crushing the whole mass, so that the adoption of this principle 
would prove to be directly profitable. Furthermore the cajmcity of a 
given plant is also increased thereby, and there is less fear of valuable 
material lading l(»st in the slimes. The principh* of gradual reduction 
may Ik* rijiplied in another way, in dealing with a mineral mass in which 
the valuable ingredient is in part dissi'ininated in coarse jMirti(;les. 
Relatively large fragments of the conqKinitively clean valuable miiienil 
may be obt? iiied in the earlier stages, whilst the remainder is entirely 
contjiined in middlings that nec<l further crushing. This presents the 
advantages that a good deal of the valuable mineral is obtained in a 
goarse state in which it may fetch a higher price, M'hilst there is less 
'risk of loss through sliming a part (d it. 

Again it may hapiKJii that lM)th these mmlifiaitions of the same 
principle may b«? applied ; the comj)aratively coarse fragments may lx? 
separated. vieWii*.' a fKution lM)th of the mineral it is desired to save, 
and of the waste in a comparatively clean state, that is to say as 
finished products, whilst the middlings alone will nt*ed crushing down 
smaller. 

The metlKMls for the treatment of slimes vary even more than thctse 
for the seimration of the coarser |>articles; the principles of slime 
t{r6atment are still imperfectly understood, and in each case the Ijest 
method has usually to be got at by experiment Slimes are usually 
submitted in the first instance to clahsification, and each alass is treated 
by itself on a siiitabl%appliance, the actioii of wjiich obviously dopends 

31-2 
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on Home otbec principle than thatfof ecjual-falling, particles ; very often 
some form of ‘shakin^i: taht' is used for the coarser grades, and some 
tiible with a trSlvelling surface (vaimers, Harz tiibles, etc.) for the finer 
griides. The finest siimes, too fine to Ikj collected in any ordinary 
claHsifier, may still carry too much value to be treated as waste. In 
stjch cjises, unless s|>ecial methods can l>e applied, these very fine 
slimes tnay Ik; allowe<l to settle slowly in labyrinths, slime pita, 
reservoirs, eU;., aial the mass dug out from time to time and dressed 
on a suitable machine ; it is clear thatj this ])rocess should only l)e 
carried on when the value of the mineral stived exceeds the cost of 
collecting it. 

The principles of dressing have here l)een discussed as though the 
problem were always the sepanition of two minerals from each other ; 
in [H’aetice it often hap|K‘ns that three or four (rarely more) minerals 
have to 1k‘ s(‘|Mimted from each other. In such cases the basal principles 
a?‘e necessarily the same, but the oiienitions assume a form of gioater 
complexity, there laung ofUui middlings of two or three different kinds 
produced, each of which will ultimately conbiin two different miiierals 
only, the separaticui of which ])roceeds upon the lines already indicated. 
For exam[)le, in treating a mineral containing gsdena, zinc blende and 
((uartz, the pnalucts of a first dressing would l)e somewhat jus follows : 
practically clejui galena, Xo, 1 middlings conUiiniiig galena and zinc 
blende, practically clean zinc blende, Xo. 2 middlings conttiining zinc 
blende Jind (piartz, and tailings of practically clean cjuartz. Even 
jissuming tluit the gjilena, zinc blende and tailings are clean enough, 
the two former for the market and the latter for running to waste, 
without any further treatment, the two classes of middlings will have to 
Ik* submitted to further crushing and sejMimtion, but in pnictice it wi^h 
l)e found that every one of the first four jiroducts, and often the tailings 
also, will nwd further treatment 

Design of Dressing Works. This consideration again affects only 
the mon‘ elalK»nite forms of works, the design of the simpler forms 
newling but little attention. All that is re([uirt*d in such is to so lay out 
the works that the minimum of lalsjur shall he re<iuired in dealing with 
tlie mineral. Tims the nwid on w hich the cars containing the mineral 
enUT the dressitig works may be laid at such a gradient that they can ^ 
run down it automatically and thus [tass to a tippler without an|l 
attention. The tippler is licst ofttlie revolving type, and is often 
arranged m to lie automatically tlirowm into by the motion oi the 
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cars themselves, and^in some cases tJPter its contents have^l)een tlpiMxl 
the car is automatically run forward til^ it reaches •some fonu of 
elevator— often a creeper— by which it is bn)U|;ht Imcjf to the ori^dnal 
level at which the ors enter. The tip|HKl mi^eml may jmss auto- 
matically to tlie breaker, sorting or wjishii^c appliance, and thus the 
whole work lx* done with the minimum <»f lalamr. 

In the more elalM)r<itt‘ works the desipi lK)th in plan and elevation 
has to lx* considered. In hu’f<e drexsiiiju; works it is Ix'st to armnj»;e th(‘ 
M'orks so as to lx‘ duplex, tryde.v etc. in plan, i.e. to lay it out as a 
numlxT of units, each of wliich is pmctically complete in itself, and can 
bt‘ stopped or spirted indeixaidently of the other units. The diijilex 
arninjj;eiuent is a favourite one, the works Ix'in;; arrangeil in two halves 
each of wliich is a counterpart of the other. For examjile, there may 
Ix' a (‘(‘iitral breaking department, or breakinj^ and sorting de[>artment ; 
the product from this may fall into a lar^e main bin, from which it 
may ^o by two spouts, one to the ri^^ht and the other to the left, to 
symmetrically disposed er^lsllin^^ si/.in;^ and sejmratin*; nnK^hincry. The 
slimes from these two sides may lx* treated either in two seimrak' slime 
dressin^^ plants, (‘ach corresponding to either side of tin* main works, or 
the slimes from both sides may lx‘ united in one common recepPicle, 
and either to one slime-dressinjr unit, or to two symmetrically 
amin^Td ones, aceordin^^ to the (piantity to Ix^ dealt with. 

Two ditferent schemes of desi^m in elevation are in voj^ue; the one 
adopts a sc ies of terraces on a suiPible hill side, the other erects the 
mill on a level site. The advantai^e of the former method is that the 
bulk of the mineml to lx* treated |Mi.sses by j^ivitation from each 
appliance to* the succeeding one. Thus the up|x*r floor or krrace may 
fx* taken up wiMi bins for containinji: the crude mineml; from these it 
irnsses to the breakei* floor, \i hence the broken material falls to the ne.xt * 
level, which forms the sortin^t floor; the next lower floor is the crushing? 
fl(H»r, the floors nevt Ixdow are taken uj» with sizinjj; and sepamtion, whilst 
the lowest fl(xu*8 are devoteil to slime treatment, and the finished pniducts 
are shipjxjd at a level Ixdow' this. Generally sixjakinfij a slofx? of 1 in 3 is 
needed for such a series of fhjors or terraces ; these have to lx excavated 
out of the hill side, or else fonncnl by means of retaining? walls, or Ixth 
metluxls may lx combined The former is usually to lx preferred, us it is 
more likely to admit of suljstantial foundations bein ^5 obtaintxl, this Ixinj' 
a point of the utmost imixrtana*. Not only are solid foundations rwpiired 
for carrying heavy breaking and crushing machinery, notiibly in the case 
of stam{) mills, but there are also very’ few dressing appliances that will 
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do Hatiflfacto^y work unless they aie erected on foundations so substan- 
tial as ft) prev*enfi any shak| or vibration being set, up in the framework 
of the nmchines.\The advantage of all the material passing continuously 
downwards in its jirogiess through the M^orks is wjry obvious, especially 
where wet methods of dretsing arc employed. It must, however, not 
1 k‘ forgotten that it is almost inevitable that certain portions of the 
material must l)e sent l)ack for further treatment, e.g. over-sizes for 
further crushing, middlings for finer crushing and further separation, 
jMirtially dressed products for final treatment, etc. All such material 
must neceswirily Ih^ elevatt‘d for further treatment, and where the pro- 
|K)rtjon is at all large it may re(piire sd much lifting as to neutralise the 
advantages of the gravitational arrangement. 

Hie other scheme of design consists in selecting as flat a site as 
|K)ssible, all the works l)eing built on one level. It is, of course, j)ossible 
to build a works on a level site having seveml floors, and to elevate the 
mineral onci* for all to the top and then to allow it to descend under the 
action of gravity. This method combines, however, most of the disad- 
vantages of l)oth systems, with the further drawback that it is j)ractically 
im|M>ssible to build the up|K‘r floors stiff enough to form really satis- 
factory foundations for the heavy machinery that they have to carry. 
It is l)etter, where the fiat site is adopted, to design the works on an 
appropriate principle, and to build them practically all on one level, 
ordy those i)roducts that need lifting up at each stage being elevated 
by suitable meajis. The different oj)erations are then carried on in 
a numlK'r of buildings or rooms a<boining each other, so arranged that 
the crude material enters at one end and issues in the finished state at 
the other, there k'ing no travelling to and fro except for such jM)rtion8 
jis rwpiire re-treatment. This system has many advocates; it usually 
' allows of go(Mi foundations k'ing obtained, i)rovideH a structure readily 
accessible from all sides and gives a greater latitude for the selection of 
a site than when a hill side of definite gradient has to k sought for. It 
occupies usually a gomi deal of sjau^e, but as dressing works are generally 
erected in districts where ground is practically valueless, this is no real 
drawlamk, whilst if pro|a*rly laid out the mineral need travel no further 
in its way through the works than by the former plan. It often enables 
works to k? built on a site more convenient for communication with 
means of transjmrt than the first metluHl. On the other hand it may 
entail a great deal of elevating machinery, which is usually troublesome 
to keep in rejiair, and costs a great deal k)th for power and for wear 
and tear. It further involves often the pumping up of considerable 



iinantities of water.^ The great dratback to it is, however^ the difficulty 
.that it often presents to the disposal of tailiigs and waste rock? 

*Wheii the system of building in floors on a flat site^as to he adopted, 
provision should always be nimle for the first Iwetikings, re<|uiring tis a 
nde heavy machinery, to he [icrformed onihe ground level, the bi-oken 
material being 8ubse(iuently elevattHl. This plan presents the further 
advantage that broken mineml is more easily elevated than the 
same material in coarse liun[)s. Neglect of this considei’ation entails 
in most cases cither defective breaking plant due to unsatisfactory 
foundations, or else great ex|)enHe in the fonn of lofty massive piers 
or walls to carry this machinery. 

In this connection the site of the breaking machinery deserves 
attention. In important undertakings it is l)ecoming the modem 
[iractice to sepanite entirely the coarse breaking plant from the rest 
of the dressing works. This method is well illustrated in the large gold 
mills of the Witwatersrand district, where the breaking and sorting is 
now usually carried on in crusher stations, often at a considerable 
distance from the mills proi>er. Such crusher stations may Ihj situated 
at the shaft top and may fonn almost a ]K)rtion of the shaft etjuipmoni, 
or they may be situiited at a point convenient of access from two or 
more hoisting shafts; the mineml is there broken and sorte<i, and only 
that portion intended for further treatment is tranH|K)rted to the mill. 
This system presents many advantages, esfHJcially on flat sites and 
where ele( trie transmission of [w)wer is em|)loy(Ml. The breaking 
operation is a rough one, insepamble from much shock and jar and 
the production of a great deal of dust, all (»f which are highly iiyurious 
to the mflre delicate oi^nitions of the dressing works projjer. Even 
where a remote crusher stiition is not indicjited, it is always advisable 
to iKirform the breaking in a building distinct from the dressing works? 
Where sortin/5 is also needed a very gmxl plan, now much in vogue, is 
to conne(*t the breaking plant and the dressing works by a long con- 
veyor belt, upon which the picking is perfonned, and which kw[)8 the 
two departments sufficiently aimrt 

Conitniotion of DreMlng Worki. Tlie importance of g(MKl founda- 
tions has already been referred to, and it is always l>est to secure these 
when possible by digging down to solid rock and laying down the founda- 
tions~practi(»lly always now of concrete— ajwn this. \Vlien a rock 
bottom is not available, very {uassive concrete blocks should b| 
mibetituted, expense incurred in this way being money well laid out 
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The buildings themselves are of veiry varied type, ^cticall| lill lomis 
of Htruetond niaterial liaviii J l)eeii Employed. In CQuntries where wood, 
in eheuj) (e.g. Uni(;ed States lind Scandinavia) the buildings are usually 
wholly of wood, Hubstaatially framed, the sides being either of vertical 
Inmnls, grooved and tongu((<i, or clapboarded, more rarely shingled; 
the roots are nearly always shingled. This is a very suitable con- 
Htruetion, except for the great liability to fire ; M^ooden buildings can 
readily lie made weather-jiroof and easily kept warm in cold climates. 
Another very usual form is a wooden frame with sides and roofs of 
galvanised iron, whilst for large mills a framework of structural steel 
covered with galvanised iron is often Used. These buildings are very 
difiicult to keep warm in cold weather; the latter offer a fair measure 
of seiairity against fire. Brick buildings, or occasionally stone, with 
tiled roofs, are often used for smaller works, and are cjuite satisfactory, 
but are usually considered too ex|)ensivc for large dressing w'orks. It 
ma} be sui’inised that in the future imj)ortant works will be constructed 
in ferro concrete, a material that is admirably adapted to the purpose. 
The roof must not rest upon any portion of the framework of the 
macliinery; it is best not built all in one jdane, but broken up into 
several bays, esj)ecially where heavy wind storms are liable to occur. 
This arrangement also att()rds good oj)portunities for ventilation and 
for getting a top-light. Illumination both by day and by night should 
l)e carefully studied. A top-light from Louvre windows is the l)est, but 
there should also be numerous large windows in the sides and ends, and 
the machinery should Ik? planned so as to interfei'e as little as possible 
with the light from these. For night work electric lighting is far sui)erior 
to any other, and is generally employed. Clusters of from 3 to 5 power- 
ful incandescent lamps (30 to 100 c.p.), or a numlwr of flaming arc * 
lumps, are the most satisfactory and far [ireferable to using only a few 
j)owerful JU'c lights, as it is im|M)rtaiit to get the light as well distributed 
us {M>ssibie. The floors should Ik* watertight, preferably of concrete; 
where wockI has to l)e employed the seams should Ik^ caulked like a 
ship’s deck. Tliey are Injst set on a slight sIojk? towards a gutter, so 
that any leakages or sjdashingM (d valuable mineral am be recovered 
without difficulty. 

Many dressing works are situated at high altitudes, so that some 
pn>vision for warming them is generally rtHpiired; thife is often done 
merely by stoves or braziers, but in a well-made building steam heating 
may be employed with advantage, es()ecia]ly in wooden buildings where 
every possible pfecaution should be taken against fire. 
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Wet dressing works necessarily rlquire an abundantsupply of water ; 
.the quantity varies irithin a very widfc rangA wet drcssing’requirfng fi'om 
less than 2 to more than 20 times as much weight of \yiter as of mineml 
treated. Such water.8hould be as pure aiAl as ilean as jKwwible, and if 
muddy should be allowed to clear itself i| settling |)oiKk Sea water 
may l)e ii8(^l in cjise of need instead of fresh water; it has used 
(luite satisfactorily in various awes. The water supply should Ih,‘ delivered 
to the works from tanks or reservoirs situated at a good height above 
the top of the works, a head of 20 to .>o feet lK‘ing satisfactory. l']ven 
in di’cssing works that do not use wet methods a good supply of waU*r 
is desirable both for washing <K>wn the flooi*s and for use in case of an 
outbreak of fii*c. It is lK‘st to have on every floor of the W(vrks two or 
three standj)ii)es with hose attached, so that a stream (»f water can U‘ at 
once brought to lanir on any pail of the M'orks. 


Motive power. In ])ractice jiower is suf)plied in three ways, namely, 
by ineans of water, steam, or electricity, according to circumstances. 

It is a moot point whether it is lietter to drive the whole of the 
dressing works by means of suihible lielting from one main motor, or 
whether it is better to have a numlK*r of motors commanding the prin- 
(apal lliicr of counter-shafting. Where electricity is employed there is 
little doubt that the latter is the lietter [)lan, each main line of counter 
shafting lieing driven by an iiide|)endent motor. The cost and complexity 
of a (pianiii.> of belting are thereby avoided, each shaft can k' stopjwd, 
startl'd or run at any desired siieeil, indei)endently of the rest of the 
mill, less i>ower is wasted in kiting and counter-shafts, whilst electric 
mkors of*modei-ate size can k* mmle almost as eftieient as large 
* ones, and no more cost is incurred for attendance as the motors need 
practically no attention, except for cleaning and lubrication. In the* 
case of steam and water, however, the case is diflerent. It is not 
easy to iri ’tal a uumkr of separate small hydraulic motors, and their 
efticienev would iie less than that of one or two larger ones. Where 
steam j)ower is used, it may k laid d(»wn that in any case all the 
kilers required should k concentrated in one kiiier house, so that 
the employment of a numkr of separate steam eni^nes would neces- 
sitate carrying steam from the kiler house to each engine. Ijoss of 
steam by condensation is almost inevitable, and small engines are 
generally less efficient than large ones. In these cases it is therefore 
generally preferable to have but f^w motors and to transmit the power 
to the various line sliafts by ineans of belting. In plants using rock- 
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breakerH (and the name is true Ho a lesser de^ee of all croshlii^ 
machinery) it 'is very imiMikant tfiat the jiowcr driving these should 
k obtained froi^ a motor »that does not at the same time drive* the 
dressing machinery prt[)er, 'Such breaking operations necessarily make 
very varying demands u|K)n(the power supply, requiring, for example, a 
great deal of iK>wer when a (piantity of hard mineral in Jarge lumps 
hfis to k* broken, and very little }>ower when only soft material in 
small pieces is king put through, lids causes rapid, sudden and 
irregular fluctuations in the s|)eed of the motors, which do but little 
luinn as far as breaking is concerned, but M’hich would seriously inter- 
fere with the efficiency of any dressing appliances, which have to be 
kept running steadily at (piite uniform speeds. Separate motors for 
the crushing imudiinery and the dressi?ig machineiT projwr should 
therefore always k* provided, even when all arc together in one mill. 
The motors driving the dressing appliances should k provided with 
sensitive governors so as to keep the st)eed uniform. 

Power is k'st transmitted from the main motors by rope drive; 
where k'lting is used, canvas ((landy), camel-hair, or indiarubber are 
prefenible to leather in places where they are liable to get wet. 

Where water power is obtainable this is undoubtedly the most satis- 
factory. The older dressing works in England used over-shot water 
wheels almost exclusively, and these give very satisfactory results when 
a gi*eat amount of iK)wer is not retpiired and when considerable (piantities 
of water with comj)aratively low falls are available. The efficiency of a 
gO(Ml over-shot wheel may k taken as (>.) j>er cent Many dressing 
wiu’ks are situated in mountiiinous districts where vei’y high falls are 
to k* obtained, and these are kst utilised by inqHict wheels of the 
Felton ty|K’, these kdng cheap, sim[)le, economical to run, and highly 
^efficient; they may k* applied to all falls of more than 50 feet in vertical 
height, though they are most efficient for falls of 100 feet and upwards. 
In pmctice under such (rircumstiiices an efficiency of 75 iHjr cent may 
k reckoned u|M)n. For lower falls turbines are ki^t employed; a twin 
Jonval }mrallel-flow turbine on a horizontal shaft offers many advantages, 
amongst which may k‘ reckoned the fact that the turbine itself may be 
situated 10 to 15 feet ak)ve the level of the tiil water and therefore 
often ak)ve the rea(di of an ordinary AimmI, without any loss of power, 
by the use of a pmiKwly arranged suction tuk'. For very low fells, say 
5 ft or thcrenlwuts, radial-flow turbines on vertical shafts are often 
employed. The efficiency of turbipes varies according to the typi^l 
, employed aud (he conditions of installation, but may be averaged 
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about 70 per Under suitabll conditions water power is extremely 
, cheap, costing from £1 per horse-iJower upwards?’ the gj^t draw- 
back to it is that it often varies very ffrejtly at diff^nt seasons of the 


year. 

Steam i>ower is employed in distric|s where water |M>wer is not 
available mid wiiere fuel is reasonably cheap. In large nuKlern works 
water-tube Iniilers with automatic stokers, sujicrheatei’s and fecd-w^ater 
heaters are employed, and high pressure steam is generated which is 
utilised in compound or triple-jL*x]mnsion engines which arc oftc‘n con- 
densing. For smaller installations a less efficient plant has necessarily to 
be employed. The boiler hoiij^b should always lie a sulwtantial building, 
separate from the dressing works so as to diminish the risk of fire. 
Tlie cost of steam power varies within very wide limits de|H*ndent upon 
the price of fuel and the nature of the plant. A large com|H)und engine 
will generate 1 I.H.P. jier hour with 12'') Hk of steam, and g(M>d lK)ilor8 
with fair coal will evaporate Id lbs. of water for each 1 lb. of coal burnt, 
so that r2r) lbs. of coal will be consumed for each I.H.P. hour. With 
coal at ir>,v. per ton the cost will l)e alamt £(> per horse-|M)wer year 
for a 24 hour day in large plants under favounible circumstances. 

Electricity has been growing ni[>idly in favour as a motive |K)wer 
during the hist I'l years; owing to the ease and economy with winch 
high tension electric currents can l)e transmitted, dressing works can 
now' be lociited at any desired [K)int irrespective of where the |)ower is 
actually geneniU‘d. The generating station may Ik; driven by water 
power, where this is available, by steam, in which latter case moderji 
practice favours turlH)-genenitors, or by gas engines worked by pnaiiicer 
gas, the latter offering the great advanbiges of low fuel consumption and 
of l)eing able to use fuel of inferior (piality to greater advanUige than 
can steam toilers. * 

It is prol)able that in the near future suction gas j)roducer plants 
may be employed with advantage for driving small dressing works. 

The quantity of jxiwer recpiired varies within very wide limits; as 
the greater iK)rtion is required for comminution, it dejonds greatly 
u{K)n the degree of fineness to which the minenil has to lo crushed 
Thus in a works like a stamp mill for gold quartz, in which the whole 
of the ore has to ha crushed very fine, the efficiency is from 1 to Ij tons 
per 24 hours per I.H.P. ; in a dressing W(»rk8 using crushing rolls and 
jigs the efficiency is from :i to 5 tons per 24 hours jier I.H.P. 

The above principles may Ije illustrated by brief (iescriptions of 
dressing plants used in the treatment of the more important minerals. 
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Class f . Fiiej^s. 

Coal. A great tleal of the coal rniiiecl mcr(ily re^iuircH scTceniiig ho 
as to make one or more sizes as may l)e ippiired by the market, whilst 
any shale,, waste rock, fireclay, liim|>s of pyrites, inferior a»al, etc. has to 
ha picked out. A small 8im[)le modern “ heaiwtead " for this purjK)8e is 
shewn in Fig. dHIl, which represents a design by Messrs Joseph (\>ok, 
Sons and Co., Ltd., in plan, side and end elevations. The tulw as they 
come from the shaft grafitate down through a revolving ti[)pler, 
and continuing to run down the curved track, run automatically to 
the foot of a creeiRU’ (see p. 4(>.‘L, which brings them up again to the 
level of the flat sheets on the op|M>site side of the shaft. The coal 
from the tubs is discharged by the tippler s[M)Ut on to a plain jigging 
screen. The undersize from this is token away by a narrow cioss l)elt, 
whilst the oversize droj)s on to a jacking ladt at the end of which a 
movable shoot dischai’ges it into raihvay waggons, the jJant being 
ca])able of dealing with odd tons |K.‘r day. 

A similar but larger heajjstead by Messrs Coulson and Co., Lt<l. is 
shewn in jdan and vjirious elevations in Fig. As shewn by 

the |)lae, the colliery tubs brought uj) the shaft travel by the two 
roads shewn (one for each cage) in the direction of the arrows, 
these roads being laid at such a gradient from the shaft that the tul)s 
run down automatically; they thus run on to the foot of the creejHT, by 
w'hich they are elevated siifticiently to enable them to comjJete the 
round journey Inick to the shaft without needing the a|>|>lication of any 
force otlkT than gravity. Tliey run from the to|> of the creejKir to a 
bufler. from which they return by means of an automatic swiUh along 
the road leading to the ti|>i)lers. Ihere are three different (pialities uf 
coal draw n from this |)it, and the large coal of each class Inw to kept 
sejairatc, A la^l sw itches the tulw as they come along (»n to their j)roj)er 
road, there being a tipjJer for ejich clas.s. When the tidw leave the 
tipjder they continue their journey by the ‘•emj>ty ’’ roads tvs shewn, and 
thus return to the oi>i)o8ite side of shaft to that from which they started. 
The coal fi om ejich tippler falls on to a jigging screen, the ovcrsi/iC from 
which goes to its i)roj)er i)icking belt, which is jirovided with a movable 
jib end for loading it direct into railway waggons. The underHize from 
the three screens falls on to a transverse conveying kdt, that from the 
middle screen, which is set further l»ck than the two others, being 
delivered to the same belt by a vibrating shoot The conveying belt 
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(7, Elevation of tippler end showing 
cross-belt 

i), Elevation of discharge jib-end« 
of nuiin belts. ^ 


^rries the ■maU coal direct 
toashootwjieiiceitdfopshito 

I ailway This heap- 

teadais cafMible of dealiii|i( 
rith 1000 tons in 10 hours. 

It will be noted that 
these }»eapsteads are laid 
out so m to work with a 
miniimun of lalKiur, and 
this is typicfil of the k‘st 
modern practice. Some- 
times the small coal from 
each screen law to Iw kept 
Hcjmmte, and sometimes 
sevenil sizes, such as lumps, 
nuts, jR'as, duff, etc. have to 
Ik? made, and kept sejMinite. 
In these cases a corres|M)nd- 
inp:ly larger numlKT of trans- 
verse conveying kits, ejich 
delivering on to a sepanite 
railway track, will have to 
Ik‘ employed. Too great a 
degree of com[)lication is, 
however, usually to 1 k‘ de- 
precated. It is often con- 
sidered ix?tti*r to lay the 
hea|>stead out in such a 
way, if |)osHible, that the • 
full tubs run automatically 
to the tipplers, and that only 
the empty tulw have t<» Ik? 
“crept" up to the iMinking- 
oiit level, as it takes k?HH 
|K»wcr to elevate empty 
tulw than full ones. 

A hea[)8tead on the alK>ve 
principle is quite siifficiejit 
where only large coal, wiy 
<»ver inch cuk, has to k 
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dealt with, but when Hinall y)al has to be cleaned, p.g. espedaBy fpr 
pu^)OH(^)f coking or briquetting, Amm washing arrangement has t^be 
iMlopkd. In tl\Hiinp]er tlid cruder forms the small coal is washed 
imi as it comes throM‘ t .e screens without further sizing, whilst in 
the more elal)onite, but als<| more costly plants, the coal is sized before 
it is washed, thus (deaning the coal more effectively. 

A very simple arrangement is shewn in Fig. lUir) \ The coal tub 
are tipided on to a jigging screen, 14 feet by » feet, with a gradient o1 
1 in making 00 four-and-adialf inch strokes per minute, the bar^ 
being i inch apart. The oversize (alK>ut"2.)U tons i)er day of 10 hours; 
goes to a circular picking table, 10^ feet in outside diameter ami 
20 inches wide, making three revolutions i)er minute; there are m 
pickers at this table. Any pieces of mixed coal and dirt are throwi 
through a shoot in the middle of the table to a lower platform when 
they are broken and picked by three pickers, who also fill the dirt into 
tid)s. I’he undersize from the jigging screen (alK)ut 100 tons per day 
of 10 hours) (Irojis into a trough where a stream of water meets it and 
yvashes it down to the simple trough washer (sheyvn in detail in 
Fig. 2:i7, p. 002) with two c(uupurtments, used alternately, each being 
17 inches wide, 10 inches deep and 100 feet long, set at a gradient of 
1 inch to the yard. The water consum])tion is about 400 gallons i)er 
minute, and the velocity of flow ulnmi .000 feet per minute. The 
y^'ushed coal runs into a Im)X from which it is lifted by a bucket 
elevator worked by a (i-hsit water-wheel driven by the overflow of 
the washing water. A centrifugal pump iiumps the water back. 
About 1« tons of dirt are washed out \m' day, and the washer is worked 

by one man and two boys. , 

Fig. 00(5 is another example of a siinjile plant, lieing a two-trough 
FHiott coal washer, built by the Hardy Patent Pick Company, Ltd. The 
coal to 1 k' washed is delivered to a hopiier from which an elevator lifts it 
to a couple of bins, placed one over eae*h washing trough ; the dirt and 
shale are dischai*getl at the upper end of the troughs into a shoot through 
which it droi)s iub) a truck. The clean coal at the bottom end drop 
on to a shaking screen with fine mesh, through which the water is 
drained off, whilst the coal dn>p a Iniot, from which it is elevated 
to stonige bins. The water dmined off from the wmdied coal flows to a 
settling tank, yvhere any fine sludge can settle, whilst the water is 
pumH up by a centrifugal pump to lie used over again. The capacity 
of this plant is alwut 150 to 2(H» tons of small tnial in 10 hours. 

’ m Mmuff tuft ufSfotkmiy Vol. xi. p 1K2. 










m'l 

It m obviou^ thW a gimilarlgeneral arrangement <^n be mi|uujou 
any othW form* of trough washer. * 

The Ilobinsoii ^washer (sdh page 246) is often usea msteaa oi a 
washer for this class of workj the general arrangement of the plant bel^ 
somewliat similar, as may bf seen from Fig. 196. < 

Such a })lant will wash about 20 tons per hour, the ash in the unwashed 
coal l)oing from 10 to 14 j)cr cent., and in the washed coal from 4*6 to 
6*7 f)cr cent. One man can attend to such a plant, exclusive of the 
lalmur of bringing in the coal and removing the coal and dirt. The first 
cost of such a plant is about £300. 

As an example of the 
more complicated form 
of washery, a plant built 
by Messrs Sheppard and 
Sons for a South Wales 
Colliery may l)e in- 
stanced. The coal is 
screened at the colliery 
heapstead, the small 
coal, that has passed 
through 1 i inch screens, 
being brought in mil- 
way waggons to the 
washery, where it is 
tipped into the storage 
bin A , Figs. 387 to 389. 
It is lifted by a bucket 

Kig. IlSd* KllitJtt trough waHherj'. Kiui elevation. levator B into the** 

' narrow end of the eomimund conical trommel C, 16 feet long, which is 
fitted with 8 inch and f inch wire mesh screens. There are thus three 
sizes made : nuts, f inch to 1 i inch, 20 ])er cent of the whole ; peas, 

5 inch to J inch, 20 {Kjr cent ; and dull’ Iwlow' 5 inch, 60 jKjr cent 

The two CHmrser sizes are wasluHl each in a two-comptirtment nut 
washer #/, miming at 60 to 70 five-inch to seven-inch strokes 
iw minute. The dirt is raised by an elevator R into a hopper, 
whence it can lie discharged into waggons, whilst the coal jiasses to a 
trommel L in which the water is drained ofl‘ from it, and the coal is 

then traiis{K)rted by the screw conveyor M into the storage bin AT. 

The duff, or undersize from the trommel C, passes by a long screw 
conveyor />, to ten double felspar washers Ey working at 180 to 







Iliro quArter-inch ^kes per minute, lie dirt dApsJnto troughs 
|o0^on to each^set of hutches (f the washers andjis carrfed by a 
Ksrow conveyor to four elevators F, with [)erforated bucket, which 
deposit it in the same bln that receives the dirt from the nut washera 
The coal is carried by the stream of wjiter to a large settling pit 
Gy 45 feet# long, with a depression at one end in which works the 
elevator H which lifts the washed coal up the screw conveyor 0. 
A scraper works in the bottom of the settling pit carrying all the coal 
deposited there to the boot ojj the elevator. A centrifugal pump [ 
pumps the clarified water from the settling pit back again to the top 
of the building. The jfiant* has Ikhmi found cafKible of wjishing 
451) tons of coal per day of ID hours, extracting 1)'() |>t‘r cent, of refuse 
therefrom. 

A still more elaborate washery is shewn in Figs. DOO to 


representing one built by the Lilhrig (hal- Washing and Ore-I)r(*ssing 
Appliances Co., btd. The coal is tipped from the colliiaw tub in 
tipplers from a platform o, and is screened on three 2 inch jigging 
screens, b the oversize passing m to three lucking belts of the ordiimry 
type, and the undersize dropping into a large storage hop(K)r r. The 
inferior (toal picked out on the belts is broken on a breaker d, and this 
and the small coal are elevated by the’ bucket elevator c to a complex 
trommel making nuts down to about 1 J inch mesh, bears down to about 
1 inch and pcjis down to alsmt inch mesh, each of which is waslmal in 
a separate f ‘Ispar washer/: the clean coal is delivered over drainers f/ 
into hoppers //, whilst the middlings, consisting of dirty coal, are con- 
veyed by a screw conveyor to an elevator that lifts them to the crushing 
rolls ^the crushed material is wti-shed on a separate* nut washer. All 
tlie waste is lifti d by the elevator k and discharged. The fine (oal, the 
undersize from the j| inch screen, is classified in a spitzkasten in, and a 
series of spigots supply the fine coal washers n j the waste is removed 
^)y the elc’ .itor r The fine coal is carried by the escaping water to a 
drainage drum, which se[)anites out the coarser |K)rtion ; this is then lifted 
by an elevator p into stonige hop|)ers </. The finest coal settles in a 
big settling tank r with a depression in the end, forming a Iwot for 
the elevator h which lifts it to the storage hopper. From the other end 
of this settling pit clear water overflows into a tank and is puraiMMi up 
by the centrifugal pump t Tlie engirie-house containing the lighting 
^ynamo is shewn at tv. The plant (inclusive of the picking belts) treats 
1500 tons per day of 10 hours. ^ , 

It will he noticed tliat the main difference in principle ktwwn this 
* Engineering, Feb. 1.1, ifsji p. IH4. 


32--2 



plant and the previous one Is that the dirt from Jjie nut M 

treated ds middl^iigs and is crushed and re- washed, som to save the 
that it (^oiitaiuH. 

Another plant on shnilar principles, built % the Humboldt Engl- ^ 
neeriiij^ Works Co. for a French colliery is shewn in«Fig8. 393 to 396 ; 
it is intended to treat in lo hours 709 tons of small coal* which has 
passed through a 40 mm. (IT)/') inch) screen. The small coal is dumped 
from the waggons into a storage hopper, whence a conveyor takes it to 
the boot of a bucket elevat<u\ This delivers to a complex trommel, 
which makes live sizes, namely 1*5 to r2^inch, 1*2 to 0*79 inch, 0*79 to 
0*47 imdi, 0*47 to 0*24 inch, and the undersize from 0*24 inch. The 
four (;oarser sizes go to four nut washers, and the clean coal from these 
goes into fixed draining screens which deliver it to a series of pockets. 
The finest size is washed on fine coal jigs and the washed coal from 
these is run into a series of bins in which it is drained, there being a 
number of jK)ckets in which the fine coal is stored until sufficient water 
has drained off it. Hie fine coal is then run out from the bins into a 


scraper conveyor that takes it to a special fine coal elevator. The fine 
tailings are taken direct to the dump, the fine middlings and the coarser 
middlings and tailings being drained, crushed and washed in special 
wasliers. Arrangements are provided by which each size can be loaded 
seiiarately or all sizes together as may be re(|uired. The water runs 
into a series of settl(?rs of the spitzkasten tyjie, where the slimes settle 
out, the clear water being lainifieil back again to the washery. 

Another very similar jdant, built by the same firm for a South Wales 
colliery, treats all coal liehov 1 J inch mesh, and is capable of treating 
500 tons of coal per 10 hour day and is driven by a lOO H.g.^andem 
compound engine. 

• ( ’-oppt‘'H washeries are arranged on practically the same pilnciples as 

the Shejipard, Luhrig or llumlHddt plants. Baum's washeries differ in 
that the coal is washed first and then classified, the fine coal under 
4 inch lieing then washed again. 

Fine washed coal is suitable either for coking or for making into 
briciucttes, forming what is often sjaiken of as “Patent Fuel.” Briquefr 
ting is usually i)erformed by mixing the fine coal with a small proportion 
of pitch (usually about 6 |)er cent.) and heating tin? mixture which 
is then exposed to great pressure in a suitoble press, forming blocks 
of vaaious shapes and sizes. ,, 

Anthracite requires a treatment differing from bituminous coal ; it 
bums less readily, and requires a large air supply, wliich can be obtained 
by burning it in oomparaty dly small pieces, of very unifomi siae, so ^ 





io expose the grei|e8t possible surfece of coal for a gi^i^ mass. Hence 
a^thradte has a^^lays to be brokeif, and very closely meed It^is usually 
broken in rolls, fluted or toothed, aifd sized on shaking screens, (,/Oxe 
screens, or some similar form of screening appliances; troimuels 
•are said to wea# out very rapidly. In America the sizes made are 
generally #about as follows: lump, over 5 inches: steamer, r» inches 
to 4 inches; broken, 4 inches to inches; egg, :U inches to 2 inches; 
stove, 2 inches to Ij^ indies; chestnut, Ij^ inches to j inch; jica, } inch 
to i inch ; buckwheat, ^ inch tu i inch ; rice, i inch to inch ; liarley, 
under inch. The sizes are only approximate, and vary a good deal, 
while special sizes are at tinicif also made. The larger sizes are flicked 
bj hand, or the slate is separated by mwhanicnl means, dejKMiding on 
the fact that the acconifianying slate is in thin flat fiieces, whilst the 
pieces of coal are more nearly cubical in shafie. The medium and small 
sizes are cleaned by jigging like bituminous coals. 

Class II. Ckks. 

Iron Ores. Many of these need no treatment at all, as for example in 
some of tlie mines in Michigsui, IIS.A., where the ore is loaded by steam 
shovel, direct from the mines into railroad cars. In other cases, e.g. in 
the Cleveland district of Yorkshire, hand picking alone snfiices, the 
ironstone lieing tippled direct on to a flicking liidt or similar device. 
Some ores, fiarticularly brown haematites, occur in dofsisits in a 
tough adherent day that has to be washed ott, for which purfuise 
any of the washers described on pages KM) to 1 (Mi may lie enifiloyed, the 
arrangement of the plant being usually extremely simfile. Such ores 
• are with, for example, in V’^irginia, IJ.S.A., and in the firovinee of 
Santander, Sfmin. » 

A log-washing filant as used in Lougdale, Virginia, Jilready referred to 
on p. 101 i8,fihewu in Figs. Ill)/, 308 The ore is brought in railway rara 
on to the trestle f, Fig. and diimfied into the hopfiers f/, U\ 
from which it passes to the lower ends of four log-washers. The 
logs are iron pipes 17 feet Hi inches long, 11 1 inches in diameter, of 
f inch metal, as shewn in Fig. 397, the paddles lieing set in a double 
spiral with a H foot pitch; they make 12 revolutions [ler minute. 
The trouj^hs, R, are made of semicircular cast iron plates, bolfed 
towooclfln frames. At the top end of the washers the ore is dis- 
into four drainage trommels Q, of inch steel plate, punched 
with inch holea The ore dJ^pg from the end *bf this into a 

. . • 

* Tmn$. Amr. Iml M. E. VoL xigT. I8W, p. .H 
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shoot delivering^ the ore cars. The undersize drqpp on to a 20 
screen atf W, thd cH’ersize from whidi also goes to th§ Ore cars, whijst 
the water runs to waste throu^n the trough F.* The muddy water . 
running off at the lowir end of the trougli is run over a screen to 
collect any fiiic ore tiiat it may contain, and then abo runs to waste. • 
The whole plant is driven hy'a 25 H.P. engine and needs th% labour of 
six men. It washes alanit 200 tons of ore |)cr day, the production 
of washed ore being from 70 to 75 per cent. The coal consumption 
for steam raisirig amounts to 10'() lbs., per ton of ore treated. 
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Pig. 397. I.(<>ngdale log washer. Section of log. 


A large plant at Santander uses drum washers, as mentioned on p. 105, 
The ore»clay is brought in railway cars on to a trestle, whence it is tipped on 
to a platform, off which it is sluiced into eight large washing drums, 13 feet 
long by G feet G inches in diameter, witli a conical discharge 5 fet long, 
tapering down to 1 foot 8 inches. ' Tlie ore-clay is sluiced into the wide-^ajiJ^ 
of these drums over a grizzley with bars 4 inches apart, any large lumps of 
ore remaiiting on these being picked out by hand. The eight drums treat 
3000 tb 3500 tons per ^y, Ihe water consumptibn being 500 tons per 





hour. The plant fe driven by a 210 aF. engine, an^ the piihp ipiB 
80 HJP. engine! 'I^e drums make 7i rpvolutioiis per mjnute; the wadie!|!i 
ore is discharged from the narrovi ends direct intofore cars. The waiSer 
from them runs inte settling pits, the sludge fn)in which is washed in 
two similar wasliing drums, but of half the size of th^ first ones. The ^ 
overflow from the settling pits and the small washers is lifted by tailing 
wheels, 23 feet in diameter, into a couple of spitzkasten, about 10 feet 
square ; the sjiigots of these discharge into two drums similar to the 
last, the overflow going to waste. The washed ore forms only 30 per cent 
of the crude ore- clay. ' r 

Ocaisionally iron ores have been submitted to some form of wet 
crushing and dressing, usually by jigs, but at the present time iron ores 
are usually concentrated magnetically. Thus a good deal of the poorfr 
magnetite, mined in the Lake (’hamj)lain district, used at one time to 
be crushed under tilt hanimei’s, striking on cast iron gratings, down to 
alH)ut i incli, the coarser portion jigged in IJarz jigs, and the finer portion 
washed in a box buddle or a tye, the crude ore producing about 38 i>er 
cent, of coTicentrated ore. 

At j)resent this work is performed by magnetic sej)aration. In one 
large works in the above district dry magnetic separation is employed. 
The ore comes from the mines in 8-ton hopper cars, which are hauled 
up an incline, and the ore is dumped into a main hop])er wiiich feeds 
two rock-breakers aminged in tiindem, the first, a .30 inch by 18 inch 
Blake, breaking to about 3 inch, the second, a 30 inch by 0 iiuih double 
jaw Blake, to about I inch cuIk*, the bi’oken ore being conveyed from 
the first breaker to the sectond by a Hobins l)elt. Another similar belt 
takes the broken ore from the snudler rock-breaker to a pair of 36 inch 
by 14 inch rolls, which crush it down to alM)ut No. (> mesh. The criiihed 
pre is elevated to the top of a drying tower, about 5 feet square in 
inside section, containing 48 rows of T-shaped bars, alwut 6 inches wide, 
6 bars in a row, uniformly s|)aced ; these Imrs are arranged in 8 secridPl 
of 6 rows each, all the bars in one section ladiig at right angles to 
in the sections alK)ve or below. The tower is fired by a lateral furnfjiw. 
The dried t)re runs out at the bottom of the tower and is elevated 
to the top t)f an inclined fixed screen, fitted (with punched plates, 
making four sizes, namely 30, 16, 10 and 0 mesh. The oversize from the 
last or largest size goes to a pair of 36 inch by 14 inch rolls set^over the 
conveyor belt that runs from the dryer to the boot of the elevatoj^^ 
the screens. Each of the four sizes goes to a Ball and Norton belt 
separator (see plige 405) on to the belt of which it is fed by a rollw 
feeder « The belts are fll inehes wide end eiui fmnf. on iivna nar Knn» 
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The t&ilingB from the machines treating the finer are cr«l«ie4 If 
another B6 inch by 14 inch foils, and the product goes to 

6-pole Wetherill machine (see page 430), the first ^air of poles taking 
out magnetite, the secc^Kl magnetite and hond)lqnde middlings, the 
third hornblende, leaving marketable tailings of apatite, containing about 
60 per cent, of phosphate of Ikne and 5 per cent, of metallic iron. 

Ihc final result is the sei)aration of the crude ore into magnetite 
83 per cent., apatite 7 ‘6 per cent, hornblende, &c., 9*5 per cent; the 
crude ore contains about .OO’f) {ler cent of iron and 176 per cent of 
phosphorus, and the magnetite concentratef about 65 to 67 per cent of 
iron and 0‘6 per cent of phosphorus. TJie mill treats about 750 tons 
of crude ore in 10 hours, and is worked by three 60H.P. and one 10 H.P. 
induction motors, the average |K)wer consum])tion being 120 to 130 E.H.^. 
There are about 10 men engaged jKjr shift 

Fig. 399, from a [)amphlet issued by the owners, Messrs Witherbee, 
Sherman and (b., gives a genend idea of the arrangement of the plant, 
but shews an older arrangement of the magnetic separators than the 
one described above. 

A small plant has recently been erected by the Hundxddt Engi- 
neering M’orks to. at Eiserfeld, Sieg, to treat calcined spathic iron 
ore, the sefiarator used Ix'ing of the type de8cril>ed on page 396. 
A section of the installation is shewn in Fig. 400. The ore is hoisted 
by an ordinary hoist and tij)ped into a bin A, whence a simple 
recii)rocating feeder B feeds it uniformly into the trommel C, having 
screens of 1*25 inch, 0*6 inch and 0*24 inch mesh respectively. 

The oveisize from the largest screen drops down a shoot on to a 
rotating picking table />; on this table some 8 or 9 tons are picked 
over per 10 hour shift, 4 or 5 lads lx*ing ample for this work. *11iey 
pick out waste and clean lump ore ; the remainder goes to the rock- 
breaker E, and after breaking is returned to the hoist. All the stufl 
that is Iwtween 1*25 and 0*6 inch in size goes through a j)air of crushifig 
rolls, and after lx*ing crushed is also sent up again by the hoist Bie 
undersizes from the two finer screens go each to a magnetic separ^r 
F, and F^; the middlings from these go to a pair of crushing roK^ and 
after crushing pass through a third separator Ft, the middlinis from 
which arc returned to the last-named crushing rolls. The entire plant 
is driven by a 45 h.p. motor, and can treat in 19 hours 60 tons, contain- 
ing 30 per cent of iron ; the concentrates amount to almut 29 mis apd^ 
contain 66 per cent and the tailings 16 \yer cent of iron. The cost 
amounts to about 4a per ton of pnnlt^ct 

As aci example of a ^et ipagnetic separating {dant, a small Scandi- 





*»?»o Idant* im^^be quoted, which is shewn in Fig. 401. The ore 
01^ in direct fhom the mine i» side-tipping caiyf/aiid i» tliromi 
into a Gates roct-brt»ker, from whioli it droi)s into n shoot feeding 
into two Griindal Bsjl Oiills, making 2« revolution* |kt ininuU-; tliese 
•mills were origiipy charged with rai Imlls weighing Si )1 h and ’>0 
balls weigijing l:i llw. each; on an aventge each mill rwpiires (i new 


III 


Fig. 401. Scatuliimviiin wet iiiagiietic* MeimniUir jilaiit. Hfictumal elcvatum. 

Pluii of lower (coucentnttitnv floor- Flaii of u|»|M.*r (liall mill) ftinir. 

26 Ib. balls jxjr week. Tlie outflow ends of these inillH are fitol 
wilit screens of 0*(i8 incli inenli, the water coriHumption l)eing 

altogether about 116 gallons jier minute. The pulp flows U> four 
Grondal separators of No. 2 type (see fiage 423). making 40 revolu- 
JemhmUtreli Annalec, 1903? n. 312. 



tlonB per Mnute. ‘ These produce tailkgB that run d|ilct to wast^ 5P|| 
magnetic portio^ goes to four similar, but less powerful, concentrat^t 
(the magnets of the former are •wound with 4B(Jt) turns, those of the 
latter with 1B20 tufus)^ which produce middlifigs^ which are run into 
cars; the latter are elevated by a hoist, and tli^j middlings thus< 
returned to the ball mills fof further crushing. The concentrates Ml 
on to an endless revolving screen witli 0*02 inch mesh; the oversize 
from this drops into a car and is also hoisted up and returned to the 
ball-mills. The undersize forms the finished product. The crude ore 
contains about 47*4 per cent, of iron and <)*72 per ceTit. of phosphorus ; 
the concentrate alsmt (>0 i)er cent, of inn and 0*110 per cent, of phos- 
phorus; the tailings conbiin 7*1 tx) B*7o per cent, of iron, of which 3 per 
cent, is in thcTorm of magnetite. The works treat 00 tons of crude 
ore per 24 hours and pr(^uce about 40 tons of concentrates ; there are two 
12 hour shifts with 0 men per shift; the power consum])tion is 55 H.P. 

In the newer plants a rather more elaborate arrangement is pre- 
ferred. The ore is broken, usually in tandem rock-breakers, the first 
iMjing usually a jaw breaker and the second of the gyratory type. After 
each breaking, or after only one of them, according to the character of 
the ore, barren r(K’k or mineral too poor to treat may be sorted out, 
usually on picking Idts; at times this sorting is performed magnetically 
by a magnetic; separator of the Wenstrdm type. The ore to Ik; treated 
is then fed into wet crushers, usually ball mills, where it is crushed to 
or J in(;h. Hie pulp then passes to magnetic separators of such strength 
as to produce practically clcnin tailings; the magnetic portion is fed into 
a tube mill where it is further crushed to the recpiisite degree of fineness, 
sometimc’s to i inch, and this fine pulp goes to another set of magnetic 
sepamtors, ImjsI so arranged as to give rich magnetic concentrates, clean 
Mlings and middlings that are returned to the tul>e mill for re-crushing, 

A fine plant on similar princii)les luis been erected at Str^sa, in 
Central Sweden, by the Metallurgiska AktielK)lag of Stockholm, and is 
shewn in Fig. 402. The ore tx> l>c treated consists of a mixture of 
magnetite and siMJCular haematite in alx)Ut eciual proportions in a 
gneissose gangue, the ore averaging some 35 \Mir cent of metallic iron. 
The ore is delivered to the stomge hopjyer A, whence it drops into a 
25 inch by Ifi inch Blake rock-breaker B. The bi-okeihore is lifted by 
tile Robins belt conveyor D into a pair of Gates rock-brei;j^r8 0, 
36 inches in diameter. Thence another Robins licit conveyor takes •the 
ore, now broken to about | inch, to hopiiers from which four revolving 
ore-feeders F feed it into four Bail inifls B. The pulp runs into Grondal 
timdem {separators O of Type 3 (see p. 423). The magtietite thus separated 





k i mid alter fading k ^nallj concen* 

on similar ^<iiidal separators. All the tailingsMm the magnetic 
C^pwratbrs goes to a plir of four-compartment spitzkasten K, the product 
•IfirPm each spigot going t> one of 8 Ferniris ttibl^s C, which give a clean 
•haematite concentrate. The haematite and magnetite concentnites are 


mixed aiid^go to the dmining appliances W. These consist of lM)xeH, 
triangular in vertical section, hung on a iiinge at one end and slmkcn 
rapidly by a simple cam acting against a tappet at the <dher end. The 
contents of the Ixix are thus kept in rapid vibnition, under the etfect 
of Aich they settle very clostly, the waUu* running oft’ over the edge of 
the box. On inverting the b4x, the contents, now suftiincMitly frce<l 


from water, drop into small cars, which convey the concentrates to 
storage bins 0 . The concentrates are then stamped in bri(|uetting 
presses of the drop-press type, N, and are burnt in (iriindal tunnel 
furnaces P, fired by gas producers R. A full descri()tion of tliis method 
of bri(iuettiiig will be found in the Journ. Iron and SUrl Inxt, 
Vol. LXV., 190*1, p. fit The bri{|uettes are stored in bins T. whence 
they are transported io tlic railway by the aerisil aible-way U. The 
plant will treat about 000 tons of crude ore, producing about lOO tons 
of briquettes in 21 hours. It is worth noting that it has Iwen found in 
treating nmu, ores nf tliis typo, tl.at the «|Ki(ml«r li.acnmiiu-, when 
associated witli magnetite, is snilieiently inagnetie to lie eaiiidile ot 


being concentrated by wet (iriindal magnetic se|«u"in.rs, using a re 

powerful field than aufiices for magnetite. 

A small plant in Central Sweden consists of a Blake roek-breaker 
24 inches bv l(i inches, which breaks the ore down to almnt 2 inches. 
The broke,; ore drops into a bin holding alsmt 1.‘.0 tons, fnim the 
♦botVof which a roller feeder deliveiw it to a Itobins .•arrymg adt 
that takes it to the feeders of a couple of Ball mills, « feet « niches hmg 
by 6 feet (i inches diameter, making 24 revolutions la-r mnmle bach 
ball mill holds about 1 ton of balls, weighing atllK eiub ; the wear 

i, . iiw nf iiuUal ucr 2i luuu’rt. The two mills crunh 
amounts to uoout «..) lbs. ot mctai ptr - » u • 

together about 1 40 tons in the same time, and re.|„ire alsmt 10 , h.p. tx 

drive thenu The water supply is alsmt :.00 gallons js-r H, 

pulp from the Isdl mills Hows U. a (iriindal magnetic spiUkasten, 

followed by a {)air of (Iriindal seiwrators of the Xo. 2 tyisi (see p. 4.. ) 

working tendem. The Uili.W flow to waste. * 

wM*4,rm about J of the weight of the ore, go to a tnl>e null U fut 

long by 4 feet in diameter, making 20 revolutions (sir minute, and 

wring a charge of 3 tons of Danish ?iuart4 pebbles ; """ 

ehaije will ^nd ab#ut SOUO tons of conwntraU-a Ihc finely fp-ound 


pulp is lifte^ by a bucket elevator and conoeii|»ate(l in i ® 
Orundal separatlA with magnetic spitzkasten as before.. The (xwlcentiijiiil? 
are unwatercd in a shaking appliance and are then briquetted. 11© J 
coiicentratcH conUiil aliout 67 per cent, of metdllioiron. The magnetie^ 
sepanitors all together take a current of 60 volts at 8# ain[)erea 

Manganese ores are not often the subject of dressing 1)peration8; 
sometimes they occur with much adherent clayey matter, and in that 
case have to be Wfished like brown haematite. Other ores usually 
re(iuire only hand-picking. In a few cjfSes the ores are broken down by 
rolls and dressed in jigs, the finer material l)eing buddled or treated 
on VVilfley Ubles. In small mines tlie ores are often washed by 
hand in tyes or strakes. • 

Copper ores. Oxidised ores of copper are nirely dressed, as they 
are usually treated by metallurgical or chemical means; it would be 
(juite jnacticable to dress an ore containing say cuprite or malachite, 
but owing to tljc brittleness of these minerals they would be in great 
part reduced to fine slimes, and the losses in dressing would be heavy. 

Native copl)er is dressed on a large ‘ scale in the imi)ortant mining 
district of Like SufKTior. The typical method of treatment there is as 
follows : 

The ore goes first to spalling floors, where it is broken u[) and the 
large lumps of native copper picked out ; this bi’caking is often supple- 
mented by jaw' rock-breakers, and steam hammers for freeing the copper 
as tar as [lossible from adherent rock. The rock to Ix^ treated then 
imsses to the steam stamjis; usually each steam stamp, and the 
dressing plant combined with it, are treated as an individual unit, 
which may lx* stopjKHl or started indejKjndently, and a mill consists of the 
• reijuisite numl>er of sucli units. Ibe steam stamps have screens with 
holes alnuit lii inch in diameter. The coaiw copper remaining in the 
mortar is picked out at iuti*rvals; the pulp runs to a set of 4 hydraulic 
tmugh classifiers, each with 4 spigots, 'rhe product of each spigot 
goes to a jig, generally a ('olloin jig (see p. 286). The tailings from 
these run to waste; the eoncentnites are practically ready to send 
to the smelter. The middlings from the intermediate hutch go 
to other jigs or else to Wilfley tables. The overflow' from the classifier 
and at times some of the finer iinMlucts from some of Ihe other 
dressing riuwihines go to 4 or 5 ordinary convex slime tables, 'there 
is rarely any re-crushing of middlings, as the smelters can treat com- 
|)arativelv low i^de stuff, and the low fiercentiige of copper in the crude 
^ Otyf DrminfifR. A. Hichaitis, Tol. n. p. 990. 




rapii worMog essential The (;pide ore may 

hil^kiiin about \ cent of copper, and the dresJed material will 
fiverage about 80 p^ cent Each uftit will treat about 350 tons j)er 
f4 hours; the steam ^tanip absorlw about Hi) il.p. and the washing 
plant, etc., abouttl3 h.p. or say 113 h.p. altogether, exclusive of pump- 
ing; the \fiter consumption is about 100, OlK) gallons per hour. 

This description may be illustrated by the single-unit plant for 
treating 125 tons jKJr day of 21 Innirs, built by Messrs Praser and 
Chalmers, Ltd., and shewn in Pigs. 403 and 404. Here .4 is a grizzley and 
B a 15 inch by 9 inch Ulake A>ck-breaker; the ore from these goes to the 
steam stamp (J with 2(5 incb by 1 1 inch cylinder, stamping through 

inch screens. The crushed pulp goes to hydraulic separators />, 
making three products that go to three pairs of Collom jigs E, E'\ the 
middlings iipn these jigs are re-crushed in llel)crle or in Huntingdon 
mills F\ the products go to a second series of hydnuilic separators (?, 
the first two spigots giving [)roducts dressed on the Collom jigs H. The' 
slimes from all the plant run into the large spitzkasten »/, the (> spigots 
of which supply 0 Pruc vanners K. In case of need a second row 
of Prue vanners K can l)e put in to (complete the treatment of th^ 
slimes. In this case it would i)robably Ix) preferable to replace the 
first row of Prue vanners by Wilfley tables. 

Ores containing co})|»er pyrites or cupriferous iron pyrites frequently 
require dressing, and the treatment of such an ore may be taken as 
typical of the majority of dressing operations. Usually those ores occur 
in a quartzose gangue and the copper and sulphur contents are very 
irregularly distributed A certain proportion of lumi) ore can usually 
be picked out that is saleable as such or can be smelted direct; another 
portion will 'generally consist of waste, or of vein stuff containing too 
little copper to l>e worth treating; the remainder will have to be dressed,* 
and in the l)e8t modern practice will l)e treated by the system of gradual 
reduction. The following is a description of a typic.al works for the 
- treatnient of such ores, which is illustrated by Fig. 405. 

The ore comes in from the mines by means of an aerial ropeway; the 
buckets pass over an automatic registering weighing machiue, and are 
tipped by hand on to one of four grizzlies with l^ars 3 inches apart; the 
coarse ore is trammed to a rock-breaker, with jaws alx>ut 24 inches by 
16 inches, any lunijw of shipping ore being put aside; the broken ore 
drofl? into a bin, whence a shoot furnished with a sliding gate delivers it 
on to a pair of belts 2 feet wide, 50 feet long, travelling at the rate of 
50 feet per minute, there being* 4 to 6 pickers to each belt liimp 
shipping ore and w*aste are picked oS iiete, whilst the dressing <lr 0 





mixing with the undersisse from the griolies k edpied by a ^ 
Robing l^lt coiivt^j’org into the droBsing works p^per, the opmt^W 
previously descrilxjd taking place in the sorting hmise, which here fom» 
a Bcparate building. Jt is the dressing plantcal^ne that is shewn in 
Fig. 40,5. Each Injlt feeds into a pair of tronimelseof punched sheet 
iron with 1-inch holes; tho oversize goes to a pair of pijking belts, 
with H pickers to each l)elt, who pick out waste rock and lump ore, 
leaving the dressing ore on the belt. These Iwlts deliver into a bin from 
whicli a rock-breaker with jaws about 1« inches by 0 inches is fed by an 
automatic feeder. From this point forward the mill is built in duplicate, 
each half lK‘ing exactly the same. The un^lersize from the above trommels 
mixes with the ore broken in the rock -breaker, and ])asses to four 
trommels with 0'4 inch holes, the oversize from each of which goes a 
pair of rough crushing rolls. The undersize from each trommel goes to 
a set of six sizing trommels with apertures respectively of 0-2H inch, 
0 20 inch, 0*1(5 inch, 0*12 inch, 0*00 inch and 0*04 inch. Each trommel 
delivers its product to a three-compartment Harz jig, the bed consisting 
of clean pyrites somewhat larger than the mesh of the jig screen. 

The following table shews the debiils of the action of these jigs: 
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For stuff 
passing 
trommel 

Number 
of strokoH 


Length of piston stroke for 


of mesh 

; per minute 

1 

Ist Compartment ! 2ud Compartment Brd Compartment 

inch 

1 

inch 

inch 

inch 

0*40 

lao 1 

1-60 

1-50 

1-42 

0-28 

140 1 

1-42 

r84 

1-18 

(no 

l.')0 I 

110 

1-02 

0-90 

0-16 

160 1 

0-87 

0'79 

0'71 ’ 

0-12 

170 

0-79 

(r71 

0*59 

0-08 

180 1 

0-68 


0-47 

0*04 

2(X) 1 

0-55 

0'47 

0-85 


The spigot of the fii*st comimrtment of each jig gives clean coarse 
pyrites, the second also clean pyrites of rather smaller grain, the third gives 
mostly middlings, whilst the overflow is collected and delivered to the 
lower works, or slime dressing plant The tailings from the jigs treating 
the four finer sizes go direct to tlie lower works, the tailings and middlings 
from the three jigs treating the coarser stuff go to a pair of re-crushing 
rolls; the re-crushed material is sized by sets (two in each half of th«. mill) 
of three trommels with 0-12 inch, ()•()« inch and ()*04 inch mesh, with 
a small square rfpitzkjisten set Wlow the lowest one ; the products from 





|o «aA to of feur three^mpartmeot jigs, which make dean 
llptra; the tailings from the last^hree jigs go to th^ Jliiie pljmt, those 
from the coarsest oae to the last set of rolk Thus all tailings or 
middlings finer than 1J‘08 inch go direct to Jlie* slime plant, and all 
coarser are crusjjed down to this size. 

Each Itolf of the upper works delivers pnalucts to its own classify- 
ing trough (sec p. 286), lliis k'ing .84 feet 6 inches long, widening from 
3 feo|t 9 inches to 7 feet 4 inches, and from ,8 feet 3 inches to 6 feet 
6 inches deep, divided into 5 com[>artmcnts. The first spigot supplies 
tw#8ets of jigs, the second (^le’set, and tlie three Ijist a pair of Liihrig 
vanners each. Tlje tailings from these last go to waste, and the middlings 
together with the tailings from the jigs go to a classifying trough 
OlMeet long, increasing from .8 feet .8 inches U) 5) feet 10 inches in width, 
and from 2 feet 2 inches to 6 feet 6 inches in depth, divided into 7 
conipartinents. llie first s[)ig(>t delivei*s to a 4-comjmrtment jig, the 
next to a 3-compartment jig, and the other o spigots to Liihrig vanners, 
there being altogether 14 Liihrig vanners in each half of the slime 
dressing plant. Tlie overflow from the head kxes of these 28 Liihrig 
vanners goes to a labyrinth in which a good deal of rich floating cupri- 
ferous pyrites is collected. The entire works are driven by two 100 h.p. 
turbine^, and their capacity is 1000 tons of crude ore })er 24 hours; 
of this (juantity 200 tons is j)icked out as lump ore and waste, and the 
Temaining 800 tons are dressed. The water supply to the works 
is al)out 1500 gallons |)er minute; thei*e are about 75 pickers em- 
ployed in the sorting house and .80 men iii the dressing works jxir 
shift. 

This plant furnishes an excellent example of gradual reduction, and 
may be* taken as typical of wet dressing plants in general, although of 
course the individual appliant‘e8 employed arc subject to a very wide, 
range of variation. The tailings from such a works as that here describetl 
will usually carry at least 0*3 per cent, of copi)er, when the cnule or6 
* carries a nout 3 i^er cent. In modem practice tables of the Wilfley type are 
employed for the coarser grades in slime plants, and vanners or revolving 
tables of the Ilara type or some modification thereof only for the finest 
portiona Tlie Elmore vacuum process promises to be very successful in 
saving copper from the slimes of such ores, and if the favourable results 
hitherto obtained are confirmed by more extended experience, such 
plants will in the feture be built like the above as far as the jig mill is 
concerned, to be followed by tables of the Wilfley tyiKJ and these by 
Elmore vacuum machines. 
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Lead oreit Practically the only lead ore that thjj 
Hpon to tre&t w ^fena, which occurs fcr the most part jn veins, 
with quartz, caJcsjiar, fluorsjmr, spathic iron ore, etc., and in some c^S^ 
also with zinc blende^ this latter mineral will he referred to sub- 
sequently. 

As an example of the orcynary method of treating such lead ores, the 
dressing mill of a North Country lead mine may be ‘quoted. 

The crude ore or “work,” containing about 5 per cent, of galeiyC, is 
trammed out of the mine in waggons or hutches, and tipped into a 
hopi>er, from which it is raked over a griz/^ey with bars about 2j indies 
apart, a stream of water playing upon it^ any waste not worth dressing 
is here picked out and thrown aside, and also any lumps of pure galena, 
known as “ potter ore ” ; the remainder or “ bouse ” is carried by a shirt 
belt to a rock-breaker with jaws IG inches by 5 inches, which breaks it 
down to 2 inches. The broken stuff*, together with the undei’size from the 
grizzley, drops direct on to two pairs of rolls, set one immediately above 
the other, intended to break it all to J inch. The broken stuff is elevated 
to a set of f> conical trommels having meshes respectively inch, inch, 
i inch, /<T inch and J inch wide. The oversize from the first goes back to 
the crushing rolls, and the undersize from the last to the slime plant. The 
sized stuff goes to four 3-compartmcnt Harz jigs, with beds of galena, 
which give clean galena in the first compartment, middlings or “chats ” 
in the second, and waste tailings or “ cuttings ” at the overflow ; the third* 
compartment gives material that is often clean enougli to go to waste, 
but at other times is treated as middlings. 

The middlings are re-crushed in a special pair of rolls, known as 
“ chat rolls ” and the crushed stuff is elevated to the main trommels. 
Tlie degree of crushing and the (piantity of material to be re-tredted are 
,left to the judgment of the foreman of the washing mill. The slime plant 
consists of U ordinary round buddies for the coarser stuff and 2 Brunton 
tables for the finer; the tailings are settled in 3 strips and dug out 
from these from time to time, and washed on 4 more Brunton tables, 
this latter jwirt of the work being done by a contractor. The heads from 
the Bruntoi) tables are dollied in hand dollies, those from the round 
buddies are finished on a knife buddle, whilst the clean ore from the 
jigs is finally dressed upon a small flat table worked by hand. The 
product is galena with 77 to 80 jKjr cent of lead, whilst «tlie tailinp 

’ 111 tho load tiiiuu^ of the North of England “ work ” is usually spoken of as giving so 
many “ bings” of dimsed ore to tho “shift” of “work,” a bing being 8 cwt., and a shift 
120 cwt 
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‘ to cootaiA jbout J per cent of lead, though systematic tailing 
teSays are not made. This Ihill produces about 12 to y» tons of 
dressed ore per day, or treats about 550 tons in a 10 hour shift, about 
B men being employed.^ 

A more elal>>rate i)laiit\ shewn diagramniatically in Fig. 406, 
is arrang^ as follows:, The ore as it coifles from the mine is tipped 
into a hopper, whence it i)a8seH over 2 grizzlies set one above the 
othe^ the upper with bai-s about Ij inches apart, the lower with 
bars about i inch apart The oversize from the top grizzley is hand 
picked, any waste being rent)ved, and the remainder goes to the roek- 
breaker. The oversize from the second grizzley goes to the crushing 
roJJs, the undersize to the trommels, whilst the escaping water deiK)sit8 
any fines it may carry in settling tanks. A stone-breaker of the 
Blake type, driven by a 15 h.p. turbine, breaks the coarser stuff to 
1 i inches, and this together with oversize of the finer grizzley passes 
to the crushing rolls, consisting of one pair of grooved rolls 16 inches in 
diameter l>y 17 inches long, from which it goes to two pairs of finishing 
rt)lls, of the same size but smooth, the former making 6 and the latter 16 
revolutions per minute; these rolls crush about 4 or 5 tons jwr hour. 
The crushed stuff passes through the trommel A w ith 2 J square meshes 
to the inch, the oversize being taken to a pair of rolls for finer crushing. 
Tile undersize jiasses to a set of 3 trommels B, C and i>, having 
respectively 3, 4 and 6 holes to the inch, the undersize from the last 
going to a set of 4 sjiitzkasten E. The oversize from each trommel and 
the products from each spitzkasten go to a separate Harz jig (Nos. 1 to 
7), the details of which are given in the following table: 




Strokes 


Jig 

Number of 

. , 



Iiituber 

compartments 

Numlw 

Length [ 



per minute 


i 




! 

inch i 

1 

4 

140 


' steel sheets with p inch round lioles 

2 

4 

140 


i «< .< *. 1 »* *) »» 

3 

8 

180 


' Copper sheets „ No. 7 „ „ 

4 

'8 

200 

1^ 

Jr 1 »i »i >» »i 14 « t) 

6 

8 

220 


■ „ „ » „ IH M „ 

6 

«• 3 

; 280 

i 

i > « „ „ M 28 „ „ 

7 

8 

j 250 

M 

1 « 11 « M 29 „ M 


^ Tram. Imt Min. Eng.., “Descriptbn of the Lead-Ore Washing Plant at the 
Oreenside Mines, Patterdale,” VoL xjv. 1W2, p. 331. 
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All the jigs gr^uce good galena in the first conjp^ment, th|t frp 
No. 1 jig*a88ayin’g alwut 75 per cent U lead, and thaf from all the 
al)out BO per cent The second compartment produces galena with 
barytes, pyrites, and srme blende; the third fami fourth) yield poor 
middlings consisting of vein stuff with specks of ghlena; ;vhil8t the 
overflow is considered to waste tailings. . • 

The ()veidlow from the spitzkasten E passes down to the second 
floor of the works, where it enters a large spitzkasten, G, the Ipigot 
from which feeds two large round huddles H 1 and H 2, 24 feet 
in diameter with headlnjards 8 feet in dia^neter; the overflow'from*the 
spitzkasten goes to atiother spitzkasten A supplying two similar buddies 
H and H 4. The contents of the huddle are divided into 4 ci^fs; 
the first is dressed u[) to stondard quality on a small huddle, the second 
and third are huddled again in another small huddle, and the tailings 
are run to another classifier and huddle. The oversize from the trommel 
A IS trammed to rolls on the second floor and the crushed stuff is sized 
m two trommels followed by two spitzkastens, the various sizes being 
jigged in four jigs, 1 ^ 2^ 3^ and 4^. The ore from the first 
comiiartments ot all the jigs is cleaned in a special cleaning jig or on a 
flat table or “trunking-box,” producing clean galena with 82 to 84 
per cent, of lead. 

The rich middlings from the second compartments of jigs 1, 2 and 3 
is trammed to the chat-rolls or No. 3 crusher, classified and jigged in 
two jigs Smd T, the former running at 200 one-half-inch strokes per 
minute, the latter at 280 quarter-inch strokes. The fii-st compartment 
yields practically clean galena, and the middlings are treated with the 
poor middlings from the other jigs. These are in part stamped in a small 
stamp mill, in part crushed in the No. 4 crusher rolls, and the product 
*is classified, the rougher pirtion going to a jig making 280 strokes of 
kV inch per minute, the finer being treated on LUhrig tables. Below 
these come settling pits, the slimes from which are further treated on 
round buddies. The crude ore from the mine carries about 7 per cent 
^ of galena, which is brought up by hand-sorting to al)out 15 per cent. 

^ The produce of the entire mill is about 0 tons of lead ore per 10 hours’ 
day and the cost of dressing about lOa Qd per ton of dressed ore. 

A modem plant for treating an ore of argentiferous galena, which 
is very easily dressed, has been described by Mr E. R. Woaites^ The 
ore consists of galena in a gangue of quartz with smaller proportions of 
pyrites, magnetic pyrites, zinc blende, etc., which are too low in silver 
» Tratit. hit. Min. Met. 1902 -.\p. 140 . 
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to be worth saving. The scheme of operations is shewn diagrammatic- 
^|tlly in Fig. 402,*Such a diagram being generally •kJiown as a “Flow 
sheet,” whilst the •plant itself is shewn in Fig. 408. flie ore is 
delivered by an aQji^ tramway to bins, from^Nfliich it jmsses over a 
grizzlgy to a Oa^es rock-breaker, and the broken ore is carried by an 
18 inch ^It conveyor to a storage bin* From this it is fed by an 
automatic feeder to the coarse crushing rolls, 2(5 inches diameter by 
l^i^ches face, running at 85 revolutions ixn* minute. The broken ore 
drops into a trommel 86 inches in diameter and 40 inches long with 
Jlnch round holes. The ^versize goes to the intermediate rolls, the 
undersize to an elevator consisting of steel buckets 12 in. by 6 in. 
attached to a 14 inch belt; the latter runs at alM)ut 850 feet per minute, 
tlie distfuice between head, and tail pulleys Ixdng 48 ft. 6 in. The 
crushed ore ^es to a set ot 4 trommels all 86 in. in diameter ; the first 
has i in. and in. holes, the second has J in. round holes, the third 
0T2 in. round holes and the last 16 mesh slot holes. The oversize of 
each mesh goes to one of 7 jigs, there lK*ing 2 two-coiniwrtment, 

3 three-compartment and 2 four-comi)artment jigs, the screens in each 
compartment being 8 ft. by 2 ft. The four-coiufKirtment jigs are fed 
from classifiei-s. The undersize from the hwt trommel goes to a set of 

4 hydraulic classifiei’s and thence to the V-shaped settling boxes, the 
first having three divisions. There are thus 8 spigots, the first two of 
which feed to the two jigs, and the remainder each to one of 6 Wilfley 


tables. 

The first comi)artment of the jigs and the tables produce ore clean 
euough for shipment ; the jig tailings are mostly clean enough to go to 
waste, those from the fii-st at times, however, carrying enough ore to 
^ake them worth re-crushing. The middlings Irom the coarser jigs 
go to the intermediate rolls, those from the finer jigs to the fine crushing 
rolls, of the same size as the coarse rolls, but running at 85 and 105 
revolutions per mimite resjHJctively. llm crushed material goes back 
to the boot of the elevator. 

The mill is driven by a 4-foot Pelton wheel under a head of 450 feet, 
and its ‘capacity is about 200 tons per 24 houiu Its totfil cost complete 
was just about £7200, and the cost of treating the ore just about 16d 
per ton. The saving of lead amounted to 81*5 per cent. 


Lead-rinc ores. As galena and zinc blende occur together in a 
large number of deposits, and as the presence of either mineral in 
i notable quantity interferes withnhe metallurgical treatment of the 
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other, the problem of dreggitig guch 
mixed ores irf hm of the most 
commonly occurring in ofe-dressing 
pi*actice. ^\Vlien the mixture is 
Very intimate and the ininends 
exceijgjively fine-grained, the prob- 
lem presents extreme difticultieH 
and can hardly Ik^ said even now 
to have been entirely solved; in 
such cases (e.g. at Broken Hills, 
^ew South Wales) magnetic 
methods, chemical methods and 
more recently flotation methods 
have been em))loyed. These arc 
examples of the use of individual 
aj)pliances or ])rocesses for a special 
oiKinition, and have la^en suffi- 
ciently treated under the heads of 
the resiKJCtive appliances. It is 
only necessai'y here to consider 
complete plants using the ordinary 
wet methods for the He[>aration of 
these minemls when they occur in 
particles large enough to admit of 
wet seiMimtion. 

Such a plant, erected in 
(Germany, for treating an ore con- 
sisting of blende and some galena 
in a ganguc of ((uartz, slate, spathic 
iron ore, etc., is shewn in Fig. 409 ^ 

It will l)e seen that the right-hand 
and left-hand halves of the works « 
are quite identical in design and 
the following descrij)tion refers to 
one half only. Tlie ore comes from 
the breaking house, where it haa 
been broken small, by the main^ 
tracks, in mine waggons, which are 

* Unkenlmch, Aif/hereitung (kr 
PI. XXIL 
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tipped on to tbe gratings: a system of bucket eleyators on diain% 
lifts the ores to i ftoiiple of washing ^trommels, witB Jiples 1*2 inches i^ 
diameter, \he oversize of which gf)e8 to a pair of ‘picking tables ; the 
dressing ore is sent back to be re-crushed. Tj^ejindersize goes to a 
set of five conical sizing trommels, arnmged in two groups to sav^ head 
room with an elevator l)etw^en them. The apertures are o^ 07 inch, 
0*4 inch, 0*2 inch, 0*12 inch and 0*00 inch widths resfiectively ; the 
undersize goes to a small two-compartment spitzkasten, the ovj^w 
from which goes to the slimes washery. Harz jigs treat separately the 
product from each trommel, the three coj-rser sizes going to 3-c(^ln- 
jiartment, the two finer to 4 comi)artment jigs. The sands from the 
spitzkasten are treated on two 4-comi)artment jigs. The overflow' from 
this spitzkasten passes to another spitzkasten, which supplies t^o 
Linkenbach tables; the ovei*flow from these runs directly to w'aste 
through a launder. The middlings from all the jigs runs into settling 
pits, whence they are loaded into waggons running on the tracks, and 
taken to be re-crushefl The w’aste runs dowm inclines and is lifted by 
elevators till it reaches the endless chain haulage, which takes it to the 
waste tip. There arc two pumps, pum])ing the requisite water into 
high level tanks, whence it is distributed by cast iron pipes. 

The entire works can treat lo tons of broken ore per hour; it is 
driven by a Hfi h.p. steam engine, requires 6G0 gallons of water per 
minute, and employs HO hands, (»f whom 40 are engaged in picking. 

This is a fair example of a somewhat old-fashioned plant, in which 
all the crushing machinery is kept distinct from the dressing plant 
projKjr, this bei»ig somewhat contmry to the usual pmctice. 

A modern (iermaii mill for treating similar ores is shewn in Fig. 
410 \ which consists of three identical divisions, the whole works 
being aipable of treating HO tons hour. The ore from the mines is 
brought at the level a in mine waggons into tlie building C where it is 
tip{)ed on to the gi’izzley h ; the oversize drops into the bin c whence 
it is taken to the sorting house. The undersize pjisses into the bin df 
whence it is fed into the washing trommel c ; the undersize is carried 
^ by the shoot k to the first sizing trommel m. The oversize is sbrted on 
the picking l)elt8 /, on which waste and lump ore are picked off and 
thrown into shoots u, from which they are readily loaded into waggons. 
I The dressing ore drops into jaw rock-breakers g, and tlle\ice into 
trommels A; the undersize from this joins that from the first trommel 
The oversize is again picked on round picking tables i; lump ore and 
1 €. Blil^neke, ZeitteJt./. B, ff, a. Sal. IVmn. 1904, B. p. 17. 
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into shoots, and the dressing ore goes to the 

, . ^ g«mg to the lame trommel m* 

which receives the lAdei-size from thenipper trommels. The sfziog plant 
^nsists of the fourUiipmraels m, m\ m^ ami h small spitzkasten «.<. 
ne material from the first trommel is jigged in three 4-comi)artment 
Jigs p, whilst that froiy the other three tsommels and the siiitzkasten 
is^dktributed to ten 5-compartrnent Jigs q and q\ The cl(*an products 
from^hese jigs is dropped into shoots r whence it is taken away in cai-s, 
whilst tjie middlings go to two pairs of re-crushing rolls the tailingii 
fr^m all the jigs run down t^^ the hoot of an elevator t, which lifts them 
into the waste hopper n. Tjie crushed middlings are lifie<l by the 
elevators v to a pair of trommels /r followed by spitzkasten ic; the 
products of these are jigged in the five sets of o-coinimrtment jigs //, 
the clean ores from which are dropped into the shoots s and thence into 
cars. 

The overflow from all the three divisions imov passes into the slimes 
washery B and runs into a series of large spitzkiisten in which the 
slimes are deposited and further thickened in the sjiitzkasten the 
various spigots of which supply the fimr Hartsch round shaking tables 
(see page 371) and the three Liihrig lielt vanners f/,. The middlings 
from these 7 machines run to the spitzkasten e' and are dressed on 
the three Bartsch tables/i and the three Liihrig vanners //,, the middlings 
from which collected in No. 1 are finally dressed again on the Bartsch 
table ii. 

This may be looked u|K)n as a typical modem plant in which the 
principle of gradual I’eduction is well carried out, but in whiidi the ore 
is so granular as to form but little slimes ; as a rule the slimes washery 
is larger in proportion to the rest of the dressing works than is the case 
in this instance. 

Zinc orei. The treatment of blende, in its most general mode of 
occurrence, has just been considered. When an ore contains little or 
no lead ore with the blende, it is dressed just as a lead ore would be. 
Difliculties arise at times owing to the comjmratively low siiecific gravity 
of zinc blende, on account of which it is difficult to sejiarate from barytes, 
or from spathic iron ore, or from iron pyrites. Most of the first-named 
can usaafly be got rid of by careful picking. Ihe sejiaration feonic/ 
spathic iron ore is usually [lerfonned magnetically, either by lightly 
roasting the ore and removing the magnetic oxide of iron thus fonned 
by some form of mairnetic concefitrator for mineralif of hierh magnetic,|i; 


is again thrown 
•coarse-crushing ridts I, 
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susceptibility, or by treating it dry but unroasted by tbe Wetb^n^w 
^process or some Wialogous machine, •so as to remote ihe spathic iropr 
ore, whiclf though of low magnetic susceptibility, ife yet more magnetic 
i^than most zinc blende. A very ferruginous bl(|nde is however often 
found to Ikj so magnetic that this latter method camiot be employed, 
and then the former one mnst lie used. ^ • 

Again zinc blende has often to be separated from iron pyrites; this 
is also done magnetically, a very dark ferruginous blende being jifien 
more magnetic than the iron pyrites, when the Wetherill machine can 
be applied with advantage. When the bleiuje is not sufficiently magnefic, 
the mixture may be very lightly roasted, so as to convert the iron 
pyrites into magnetic pyrites, or else it may be more strongly roasted 
so as to convert the iron pyrites into magnetic oxide and the bulk of 
the zinc sulphide into oxide ; in either case the magnetised iron mineral 
can be sejiarated readily by magnetic means from the ore of zinc. It 
is proper to observe that both spathic iron ore and iron pyrites are 
injurious in the metallurgical treatment of zinc ores. 

Clalainine often occurs in a very tough clay and then needs washing, 
exactly as in the corresponding case of brown haematite. 

The problem, already referred to, of sei)arating very finely dis- 
seminated and intimately intermixed blende and galena, such as occurs 
in the Broken Hill district of New South Wales is a highly difficult one, 
and in this case it is further complicated by the presence of rhodonite, 
garnet, etc. Wet concentration and magnetic concentration in various 
forms have been tried without success; at present better results seem 
to Ih) attained by the use of flotation processes, but it cannot yet be 
said that a definite solution has been reached. 

^ Tin ores. Alluvial tin ores usually need merely washing in an 
ordinary trough or tye ; owing to the gi’cat weight of the tinstone and 
its well marked granular form it is very easily concentrated practically 
without loss. 

Tin ore occurring in veinstufF presents on the contrary one of the 
most difficult problems with which the ore-dresser is called upon to 
deal. The gangue is usually quartz, felspar, fluoi'spar, and other similar 
minerals together with iron, copper and arsenical pyrites, and yery 
^AfVn wolfram, whilst all these minerals occur minutely disSemiuated, 
the tinstone forming perhaps 1 per cent, of the whole mass. 

The old Cornish method was somewhat as follows: the ore from the 
^mine is tipped fre^ a high trestle on*to floors or “ slides,” where it was 
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|id>mitted flrstlo “ ragging ” or breaking with dcdge-hammora, aiid then 
jto .^‘spalling” or breaking down^o about 3 inch cpttbsf any pieces of^ 
copper ore, or of clean wolfram, or of barren iiaste, arc noKt picked 
out, and the tin ore is wheeled to the stampn; it is tipped into 
the “^ass” behind the stamps and by the aid of a of water 

is carriech down into the cofei's of the stanjis and is there stamjied fine, 
until it passes througlf the grates, which are gcnenvlly punched with 
lH holes to the sipiare inch. The ])iilp flowing from the stami>H is 
usuafty settled in “strips ’ 20 to 30 feet long, 10 inches wide and 
l}ji inches deep, set at a slopt^ of alnuit 1 in 30, there being 3 strips 
to each battery box. In each strip, the “heads ” settle first, then the 
“crazes” or middlings, and lif^t the “tails,” some slimes etc. escaping. 
Tl!b material thus obtained is huddled, each class by itself, on ordinary 
convex round buddies; the tails are shovelled out and carried to 
waste, the middlings are huddled over again, and the heads are 
further cleaned either on a concave huddle or sometimes on a knife 
huddle. The heads are next “tossed” in a kieve, and in this 
stage are known as “ whits.” The whits are next calcined, a rotating 
automatic calcining furnace being usually employed. I wo tv|K*s aie 
in favour in Cornwall, namely Hrunton’s furnace, circular in form, 
revolving about a vertical axis, and Oxland and Hocking s, tubular 
in form revolving about an axis slightly inclined to the horizontal. 
The object in eithei* case is the decomposition of the arsenical and 
iron pyrites i)resent, the sulphurous acid and arsenious acid i)assing oft*, 
the latter to be dei)osited and collected in siK.‘cial flues and chamkTs. 
Any copper present is converted into soluble sulphate which is leachtd 
out and precipitated by scrai) iron. The iron present in the pyrites is 
converted into }x;roxide in a })orous form in which it is easily washed 
away. The calcined whits are therefore agniin huddled and tosset^ 
sometimes tv\o or three times over, until the product now known as 
“black tin” is sufticiently clean for the smelter. If this black tin 
’ contains wollram it can k cleaned by Oxland’s i)rocesK which consists 
in fhsin.g it v . ‘ !h black-ash (crude carlxmate of soda) in a flat-kttomed 
reverberatory furnace. Tlie oxide of tin is but little attacked, but the 
wolfram is decomposed, forming soluble sodic tungstate and sjamgy 
ferric oxide which is easily washed away. The final result is thus bl^k 
tin contabiing not more than 5 i)er cent of impurity. The si imes esca^i^ 
at every stage of this process are run over tables or frames of various 
kinds, the self-acting Cornish frame king largely used. Any concen- 
trates thus saved are cleaned by.the same methods^as are applied to 



Mi Th Bresting of Mmsmtt 

tlie coarser Smu. wunoiuviiiWe proportion of flnAlimed tin «•; ; 
e^peH even *fchfe»/urther oi)eration^ and some oftit^is often ' 

on large canvas tables. ^ 

The old process vjjis slow, cumberaomc, expensive and wasteful, and 
has now been to a gi'^at extent abandoned, fv^orks have been built < 
identical in princijdc with those described above for treating copper 
ores. Thus a plant built by Messrs Fraser and (Jlfalmers, Ltd. for treating 
a coarse-grained comparatively pure tin ore is shewn in Fig. 4R ; 
it consisted of a Wake rock -breaker la inches by 9 inches breaking 
to inches. The broken ore goes to* a trommel with l\ inch per- 
forations, the oversize going to a 19 inch*l)y 7 ineh rock -breaker, and 
the undersize to a pair of :U) inch by inch roughing rolls, which 
crush the ore to alK)ut 3 inch. Iliis crushed ore goes to a tromiftel 
with I inch holes, the oversize being further crushed in a pair of 
20 inch by la inch rolls, whilst the undersize together with the re- 
crushed material goes to the sizing trommels, of which there are 
two sets of three with respectively I inch, } inch and J inch per- 
forations. The oversize from the first pair of trommels goes to a 
pair of ^-compartment jigs, from the second pair to a pair of d-com- 
Ijartment and from the last pair of trommels to a pair of 4-com- 
partinent jigs, all the mill IhjIow the crushing rolls Iwjing built in 
two identical divisions. Only the tailings of the fii'st pair of jigs are 
clean enough to lie run to waste, all the others are re-crushed in a pair 
of Huntingdon mills, whilst the concentrates arc clean enough for 
metallurgical treatment. 

The undersize from the last trommel goes to a spitzkasten, the spigot 
delivering to a 4-comjiartment jig, and the ovei'flow to other classifiers, 
which supply two more 4-comjiartment jigs, the tailings from the jigs 
going in every case to the Huntingdon mills. The re-crushed material 
^oes to a large spitzkasten, the fii’st spigot feeding two other 4-compart- 
ment jigs, and the remainder going to Frue vanners. Settling pits are 
provided for catching any heavy material that may escape with the 
tailings. 

This mill was intended to treat 2.5 tons of ore jier hour, with a|)ower 
consumption of 127 i.h.p. 

In some modern Coniish plants machinery of a more scientific type 
Jbag^ also been intriKluced, Thus in one case^ Californian stamps are 
used, ninning at 85 to 90 drops per minute, the screens being No. 37 

‘ TraM.Imt, M. M., “(>n Crushing and Concentration at Polcoath Mine, Corn* 
wisll," hy E. A. Thonuft, Vol vil 1899, p. 175. • 
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^hofe pnndied ^per sheete. The stampe crush at the nte of li tom 
^ 24-hoarB. goes to 2? Frue Tanners, the loiibentrates from 

which go to the cakiners and are %n fiirther washed. Tlw tailings 



Fig. 411. Tin dressing idaiit. 


nm to classifiers, the coarser portion Ixjiiig submitted to coneeutration 
and re-grinding, the finer being concentrated on revolving Harz tables. 
In some cases the coarser iiorlions of the crushed tin stuff is being 
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treated on liigh speed jigs, and the liner portions on taJ^Hs of (he WBfley 
type, vanners and involving tables. ^ 

As an (example of a modem plant, one recentlyecrected in Cornwall^ 
and shewn in Fig. #112 may be quoted. The bulk of the ore to 
ho treated is tii)j>cd oft to a i)air of grizzlies ^Wlth bars spaced two 
inches aimrt, the oversize going to a 15 inch by 10 ineh *blake- 
Marsden rock-breaker, the broken stuff falling ifito the same^hopper as 
the undersize from the grizzlies. The broken ore is fed by Challenge 
feeders into the four boxes of a battery of 20 Californian stampfi, with 
800 lbs. heads, making 05 droi)s j)cr niinute, and using No. “25 m^sh 
gun-metal woven wire screens. The remainder of the ore is screened 
on a shaking screen, the oversize bnfken in a 12 inch by 8 inch 
rock-breaker, whence it passes to a pair of rolls 28 inches in diame^r 
by 12 inches face, and thence to a No. 6 Krupp ball mill which 
crushes it to a 80 mesh screen. The pulp from the stamps and 
l)all mill traverses three spitzlutten, two with three compartments and 
the third with two eom])artments. These eight spigots feed eight Buss 
tables (see p. IIOO) whilst the overflow goes to a large spitzkasten in 
10 compartments, all of ecpial size, the area of the top being 50 feet by 
6 feet, and the de])th 5 feet 8 inches. The sj)igotH of six of these com- 
partments feed in pairs three distributing boxes, wliich supply three 
double Liihrig vanners. The remaining four compartments feed a 
fourth pair of Lulirig vanners. The overflow from this large sintzkasten 
and the tailings from the tables and vanners is collected in a similar 
spitzkasten but only in eight compartments, and thus 40 feet long, 
0 feet wide and 5 feet (> inches dee}). The middlings from the machines 
are re-crushed in a wet ball mill and dressed on a pair of Luhfig 
vanners. The concentrates from the Buss tables go direct to the 
calciner which ap{)ear8 to be of the old-fashioned Brunton type. The 
'’Concentrates from the vanners are calcined separately, the light oxide 
of iron formed by the calcination is w'ashed out on ordinary old-fashioned 
CortM huddles, and the cleaned concentrates are dried. (Mr Dietsch 
points out that this huddling is not a desimble feature, but is adopted 
\iimm to deal with all the 

concentrates produced.) The dry products go to a Wetherill magnetic 
sopamtor (see p. 480) of the cross belt type having four pairs of poles. The 
•Jtef one takes out magnetic oxide of iron, the second other tyqjdAa with 
^^herent lixide of copper, carrying at times up to 10 per cent, of copper, the 

» Intt. Min. Met., “The Treatment of Tin, Wolfram and Copper 6m At 
United Mines,” by F.«I )iet«ch, Vol. xv. 1903, p. 2. ™ 
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^ird oxide of ifbn and wolfram, and the fourth tolerably clean wolfram. 

w two productg need only tossing in kieves t^ prddtcdclean wolfram 
^ntaining 12*5 percent of WOj. 'fhe non-inagnetic portion m ako 
finished in tossing kieves and yields inerchapUible black tin contiiining 05 
, percent, of Sn(V Tift i>^rcentage of tungsticlicid and stannic oxide 
together m the crude ore is given us 132 iKjr^cent and the joint rwovery 
as 1*17 })er cent, equHl*to a recovery of HH*0 j)er cent, of these values. 
11*f capacity of the plant is alnuit 100 tons of crude ore j)er 24 hours, 
anil tlft working cost of treatment is given 2s. tCO^/. piT ton divided as 
follows : • • 

Labour • LVOO^/. per ton. 

Coal vc 12*o:i „ 

Stores and repairs 4'()7 „ 


Total 32‘()0(/. [HU* ton. 

A modern plant for the treatment of tin ore in Devonshire is 
arranged as follows, the ore l>eing (piartzose and chloritic, containing 
15 to 20 per cent (»f arsenic as arsenical pyrites and .30 to. .32 lbs. of 
black tin to the ton. The ore is broken in a rock-breaker and fed to 
two Husband’s ])neumatic stamps. These crush 20 to 22 tons ])er head 
per 24 hours ; they are driven by electric motor, and consume als)ut 
,32 iu\ when the shoes are new and 20 H.P. when worn, the average 
power consumption k'ing 20 H.i*. per head. They crush to 07 mesh 
Cornish, e(jual to abott 20 holes to the linear inch. The jnilp is sized 
in spit/kasten ; the coarser spigots deliver onto 0 Huss tables, and the 
fin* r t<' 2 Liihrig vanners. The overflow from this spitzkasten goes to 
a longer one that acts as a slime Imkx, and delivers j>ractically all the 
slimes to four concave revolving tables on the Harz |)rineiple (see 
p. 326).* The middlings from the Huss tables are re-crushed and go to 
another Buss table. The whole of the dressing plant takes about^, 
10 H.P. and is driven electrically. The concentrates consisting of 
arsenical pyrites, some iron pyrites and tinstone, are calcined on 2 
fifteen foot tirunton calcifiers', the arsenious acid being collected in the 
usual system of flues. The burnt material is fed to a Wethcrill magnetic 
8ei)aratoi* of the cross-belt tyi>e, with two magnets (4 fwles) in order to 
take out most of the oxide of iron, which carries with it very little tin 
(about 5 lbs. of black tin to the ton). The residue is then i»uli)ed with 
water and fonceiitratcd on a Buss table ; the slimes are collected omm 
round Cornish huddle for further treatment ; the middlings are ground 
and concentrated on round Cornish buddies. All the tinstone is finally 

> for a description of these see T/ie HSidhonk Metallurgy^ fichiuibcl and Dads. 
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cleaned by hand-tossing (see p. 253) and is then readjf*for the market 
The total recdvefy'.of (in is said to J)e 90 per cent^of that present 
the criuloiore. The whole plant is driven electriuilly, the current (100 
am[)(;re8 at 500 volts)*l)eing generated by a Campbell suction gas plant 

Silver ores. It may be said that silver ores proper (argentite, * 
proustite, pyrargyrite, etc.) are never the subject dressing i)perations. 
They may be submitted to grinding in the arrastra as a j)reliminjry 
to amalgamation, or to dry-stamping in the Californian stamp jjiiill as 
a preliminary to chloridising, etc., byt these operations aip better 
looked ujjon as a portion of metillurgica^ treatment, and as such ^ill 
be found described in text books treating of this subject^; at the same 
time it may be pointed out that many of the true silver ores are^so 
excessively brittle that they yield an excessive i)roportion of very fine 
slimes when j)ulverised, and hence such great losses would be incurred 
in any ordinary method of <lressing as to render the operatiiui (piite 
unprofitable. 

Argentiferous copper ores containing, e.g., grey copper ore, tetra- 
hedrite, etc., may at times be concentrated, but these ores, too, are very 
brittle and excessive losses would have to be carefully guarded against. 

It is possible that the Elmore vacuum process oi* some analogous 
process may be employed with advantage in such cases. The general 
method would be like that described under the head of eoi)pei* ores, but 
even greater care will have to be taken to re-treat middlings and 
tailings, the greater value of the material to be saved rendering this 
additional cai*e economically admissible. 

Argentiferous lead ores and zinc ores are at times concentrated by * 
the methods described under lead and zinc ores ; the clean sej^ration 
of lead and zinc ores from each other is even more important when one 

other or both ai’c argentiferous than when they are poor in silver 
Weause any imperfection in the separation -~[)articularly the presence 
of any notable proportion of zinc in the dressed lead ore — will entail 
heavy losses of silver in the subse([uent metallurgical treatment. It is • 
very often the case that ores of suitable composition are smelted direct 
without any previous concentration. 

Gold ores. Here again the dressing openitions are so closely inter- 
woven with the metiillurgical treatment that the subject is l^pttcr dealt 

1 by the metallurgist^, amalgamation I)eing, strictly sjKjaking, a metal- 

^ 8ee e.g. IJandhiH>k of Metallurgy ^ iScliiiabel and Louis, Vol i. 

^ Hoc e.g, A Handbook of Gobi Milling^ H. Louis. 
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luipcal operalioa Alluvial deposits are treatwl by washing down in 
I current of w*at^r— which nm^ be obnunecy in* i^irfous ways, the^ 
coarse pulp thus pnjfluccd pjissing ovty grizzlies to sei>amte tlw? iKiulders 
and larger i)cbbles, and then traversing a seri^ of long strakes and 
labyrinths (known its*'* udder-currents ”) in wlflch the heavy jNirticles 
of gotd are alloSed to deiHwii. They ai*e practically always collectiHi 
by means* of mercury, Vhich forms with them a heavy amalgam easily 
separable from the pulp. The finest particles of gold or amalgam arc 
occasionally caught on canvjis Uibles. 

^ B\)r*gold ores, jwoperlv sjd^aking, fine crushing is always re(pnred. 

A typical small mill with to heads of stamps is shewn in Fig. IFk 
The ore comes from the mine in ciirs, and is tip]>ed over a grizzley 
Jtwith bars I}, inches to '2 inches apart ; the umlersize drops into the 
main bin /t, whilst the oversize goes to (he rock-breaker (.\ set to 
break down to about 1.^ inch cubes. 'Fhe broken ort' drops into the 
sam# bin li, whence it runs through a shoot into ('hallenge feeders 
/>, there being one to each battery of five stam|)s. Ihc crushed ore 
passes out of the battery boxes I] with water in the form of pulp, after, 
in manv cases, the bulk of the free gold has been removed b\ amalga- 
mation inside tlu' batter) box. The tree gold left in the pulp is caught 
by str' aming over plates F of amalgamated c(»pj)er (> to 12 feet long. 
Thence the pulp Hows in launders down to the vanner room, where any 
pyrites or heavy minerals javsent are coiuarntrated on Frue vanners 
t;, O'. These concentrates are submitted to further treatment for the 
rec(»vei « of any gold they contain, this laung a purely metallurgical 
operation. W‘ry often the (uitire ja-ocess of concentration is dis]>en8ed 
with, and the tailings (separated sometimes by spitzkastim into sands and 
slimes^ are treated metallurgi(;ally, e.g. by the cyanide process. 

Such a JO stamj) mill will trcjit from .'>0 to KM) tons of ore 
24 hours, with .4 or 1 men |K*r shift. The horse power recpiired will be 
about fiO H.P. Such a sKimp mill complete with buildings, engine and 
boilcis woul ^ cost from i:2.'>()0 to X.'f.iOO according to cinnimstamm It 
is generally preferable to work the rock-bra^aker by an inde|>endent 
engine, and in larger mills a se[)arate engine is employed to drive the 
B'rue vanner countershafts. 

A CO stamp mill for a gold mine in Tasmania laid out on somewhat 
similar Ikt^js, but rather more elaborate, is shewn in Fig. 414 ; thejp;* 
can arc tii»j)ed into bins, from the lH)ttom of wliich an oscillating 
feeding tray discharges the ore into (Jates rock-breakers, there 
being three of these in the mil^ the broken stuf falls into three 
. ' 34y-2 
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storage bins, which it is fed to the stamA by aiiXatic feeders ; 
W;h*bin supplies ^four batteriessor 20 statn|)s« After {)a88iug over the 
usual amalgamatinf tables, the puli>rfrom eaeh group of 20 ijAanips runs 
into spitzkasten ; tlij sp^ots from the three spitzkastcn supply pulp 
to 2aLlihrig va^jners arranged in pairs, back to back, and the overflow 
from th^first three ^ocs to a second gro*i[) of three spitzkasten which 
^pply other 20 LUhrig vanners. It is obvious that this elabomte 
dressing plant could only be justified when the concentrates are rich 
in g^cj. 

• Tlie general arrangcme^it illustmted above in Fig. 4i;{ is perhaps 
the Vst for small mills, and large mills are fre(|ucntly built on exactly 
the same plan, consisting of a series of from 2 to 10 units such as the 
aT)ove. Very large mills of 00 stamps and more are often built in 
two lines, back to back, as shewn by the transverse section, Fig. 415’, 
which shews the arrangement of a 120 head mill worked by steam 
po^^er. This arrangement is a favourite one in the Witwatersrand 
district, where it is usual, however, to place the rock-breakers in a 
separate building, in which the ore is broken and sorted, this kung 
'the better Jirrangement for large mills. Very small mills used for 
prospecting or in the preliminary stages of opening ui) a mine may be 
equipped with a Huntingdon mill or IVemain steam stamps instead of 
the Californian stamps which are always emjdoyed for regular gold 
milling. Wlum it is not intended to amalgamate the ore, but to 
treat it by chemico-metallnrgical nietlKsls, comminution is sometimes 
performed by rolls or ball mills, followed in case of need by tube mills. 


SAi/rs. , 

Very many salts, such as Chili nitie, CAmmim salt, some of the 
Stassfurtli salts, etc., are purified by dissolving in water, and evaporatiflg 
or crvstalHsing the clarified solution. Hiese are of the natuie of 
(Chemical operations and will not k* dealt with here. < )ther sjilts, e.g. 
gypsum and fluorspar are prepared for the market by simple hand- 
picking! Among the few salts to which true methods of dressing are 
applied may be mentioned barytes and apatite. In the trade the temi 
barytes is applied, not only to the sulphate of baryta, l)ut als(» to the 
carbontte, the mineralogical name for the latter, witherite, not Jaiiqg 
used. Both these minerals-which often occur together-are dressed 
by the methods used for lead ores, which the high specific gi-avity of 

1 Traits. Amer. Inst. ^Mh* Eng. Vol. xvn. p. 498. 






the compoundH of baryta reiKlers entirely applicable. rHiially the^ 
sulphate and earlwnate of baryta are neparated from each other m 
complete!} as i)OHsiblc by hand-pickinji:, and then each mineml ia 
dressed by itself. The crude mineral after breakiuf; in a rock-breaker 
is hand-pickecl over a ^^rizzley where lump mineral is picked out as 
completely as possible ; the remainder goes to rough and fine rolls, is 
sized in trommels and each size jigged in a four-compartment Harz jig ; 
any galena that may l)c [mesent will l>e found in the first comiMirtment, 
and this* and the second compartment give clean barytes, the pioud 
and third comimrtments give material for re-crushing, and the tailings 
are usually not worth further treatment The undersize from the 
trommels goes to a small cl^ifiJr and thence usually to settling pits, 
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the material fi\jm these being treated on buddies or siijiflar applianim 
The plants are Toi* flic most part sm^l ; thef dressed, mineral fe^ofteif 
finely ground before it is sent tp market. It is •usually dressed to 
contain from 75 to 90 per cent, of the pure mineral^ the selected lumps 
containing up to 9H per fent. 

A good example of a {ihmt for dressing jiliosphate of lime a plant 
erected in Belgium by the Humboldt Engineering Co. and shewn in 
Fig. 410. The crude material is a soft earthy phosphate of lime, mixeJ 
with soft chalk and numerous flints. The crude mineral is tipped tfom a 
tippler A on to a screen B of the Briart tyjie with bars 25 inches apart. 
The oversize falls down a shoot, where the larger flints are picked*out, 
to a rock-breaker C. The undersize aml^the broken material pass to 
three disintegrators D,, D.^, D;„ which reduce the ore to inch, every- 
thing except the flints being ground to fine powder. The latter is mixed 
with water to a pulp, and lifted by an elevator wheel E ; from this 
point the works are divided into two eipial units, one on the right, •the 
other on the left. The pulp goes to trommels F with jV inch mesh, the 
oversize from which is looked upon as waste a])d is removed. The 
undersize j)asses through t)ie trough classifier O, the spigots of which 
sui)ply 10 rows of three-compartment jigs, H, on either side ; the tailings 
are elevated by centrifugal pumps, K, and flow to waste. The three 
compartmeiits make each a separate grade of phos]>hate, each of which 
is elevated by one of the three wheels L,, L,, L,, which serve both sides 
of the mill, and flows through launders into twelve settling pits M,, 
Mo, M 3 , there being six pits for the first grade, three for the second, 
and three for the third. 

The overflow from the trough classifiers G flows to spitzkasten Jj, Jg, 
the spigots supplying Linkenbach tables N,— the products from the 
first spigots going to tables feet in diameter, and from the others to 
tfibles 20 feet in diameter. These tables make three classes of product, 
each of which is lifted by its own elevating wheel, Oi— 0 , 1 , into launders 
which deposit it in the settling pits P„ P,., P^. The tailings from these 
tables are also got rid of by the centrifugal pumps K,, K,. 

The overflow from all the settling pits flows to a pump <J which 
sends it to two spitzkasten R,, R.^, eacli with one spigot, supplying the 
two 23 feet Linkenbach tiibles Np, Nk, making pit)ducts which are 
settled in the pits S,, Sj, The tailings from the IJnkenbach tabfes flow 
to the waste [)umps K,, K,, and the overflo>^' from the last settling pits 
also runs to wjiste. The deimsits in all the pits are allowed to settle 
firmly, are dug out and dried, and thenTorm finished products, containing 
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« to 60 per»(^nt of tribasic calcic phospliate, which ia about double 
the percentage pentained in tl,f crude mineral. .'Tihd'plant can timt 
250 tona of crude»raaterial in 10 lignrs and minirea alamW120 h.p. to 
work it. 

^ * • 

l^odules of ^)hosp]iate of lime often oceui^in tou^di c^lay and then 
require ^crely wanhin/if in a lo^-washer oytome anul(»jujoiiH appliance. 

(jEMS. 

^he great majority of gejns occur in alluvial deposits from which 
Hiey are recovered by screening and wjishing, usiially by hand, followed 
by careful hand-picking. The washing is often performed on a crude 
hand-sieve. ^ 

As an example of the systematic dressing of gems, the trcjitmeiit of 
diamondiferous ‘idue-groimd ” in South Africa may be (luoted. The 
rock is exposed to the etfects of air and moisture until it is weathered 
or disintegrated. This is then elevated and tipjaMl into sin iron shoot 
whence it is washed by jets of muddy water into trommels with about 
1-inch rnesh ; the oversize, known as “lumps ” or "cylinder-lumps,” is 
returned to the depositing floors for further weathering. Tin* pulj» 
passes at the rate of do to 40 tons of dry material per hour, into washing 
pans (see j). 251), where the heavier ])ortions are deposite<l, the tailings 
passing into another pan so as to catch any valuable material that may 
have escap<5d. The tailings are elevated on to heaj)s, so arranged that 
the greater ]jart of the water in them drains back and is used over again 
for washing down the crude material, the sej)aration laang more 
effectual in muddy than in clcjin water. The heavy material dej)osited 
in the pans is drawn off at intervals into locked trucks, and is conveyed 
to the pulsator plant ; it now amounts to less than i iK‘r cent, by volume 
of the original material. In the pulsiitor building it passes thi'ough a 
compound trommel with holes of i inch, inch, J in<4i and i inch in 
diameter. The mcrsize from the troiumcls drops on to a sorting table 
^where any diamonds present are picked out Kach size is jigged 
separately in a single-compartment Harz jig, the lK‘d ladiig fonned of 
; leaden bullets. The tailings run to wjtsU*, a?Kl the contents of the hutches 
are sorted by hand. For the finer sizes a shaking table covered with 
a thick grease, to w liicli diamonds mlhere, is often employed, t )f the 
maten* sent to the pulsator, .43 \)cr cent is larger than J im^h and 
forms the oversize of the trommels, 8 per cent forms hutchwork in the 
jigs, and 59 iier cent forms jig tailings. The concentrated material has 
to be repeatedly sorted, so as to t)revent loss of dia^umds. 
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Abrasion, definition of term, 109 
Aceessory appliances, 450 
Aerial tramways, 457 
Au.kn, H. S., (pioted, 217, 219, 222, 223 
Allkn and Co., Edoaii, wet-crushing ball 
mill, 2(K) 

AWiKNTowN Founduy Company, Pennsylvania, 
double log-washcr, 101 
Adus-Chai.mkiis Co., Ayton Intermittent 
Extractor, 234; cylindrical trommel, 61 
Allis steam stamp, IBH 
Ampsin coal washer, 247 
Anduk, S. S., ipioted, 131 
Anthracite coal, dressing of, 500; screens 
for, 80, 40, 53 
Anti -break age screen, 42 
Apatite, dressing of, 5.S3 
Aufui.L, Philip, quoted, 141, 14:1, 150 
Ahmitaok, H. E., quoted, 213 
Arrastras, 20H ; improved form, 209 
Assay laboratories, 478 
Attrition, ciushiug machines working by, 
20H 

Australian stamps, 174 
Ayton, 11., quoted, 17, 91, 92 
Ayton Intermittent Extractor for spitz- 
kaslen, 234 

Bach, quoted, 108 

Ball, C. M., quoted, 402 

Ball magnetic separator, 404 ; steam stamp, 

■ 186 

Ball mills, 196; Ferraiis, 199; Grondal, 
197, 199 ; Grusonwerk, 196 ; theory of 
action, 203 

Ball-Noiiton magnetic separator, belt type, 
• 4P5, 501; Monarch, 402 
Baktlktt Simplex Concentrator, 370 
Baktscm rock-breaker, 121 ; table, 371 
Barytes, dressing of, 533 
Baslies, 256 
Baom jigs, 290 
Bavay, — , quoted, 445 
Bkaumont, W., quoted, 49 
Bki.l and IIamsay trough washer, 306 
Belt-tightener, Australian stamps, 174 
Berakd, M., quoted, 258 
Bethune screen, 88 
Bilhabz, 0., quoted, 267, 272 
BiLHARiMigs. 267 ; circular jig, 272 
BilharzILtein bumping table, 361 
Bins for storage of mineral, 459 ; construc- 
tion, 461; gates for, 460 
BiitxiNBiNE, E, quoted, 406 
Blackett and Palmer, qtoted, 311 


Blackltt trougii wasner, an - 

Blake-Marsdkn lever-motion rock-breaker, 
118 * • 

Blakk Minino and Milling Company, quote* 
440 • • 

Blakk-Mouhcheu electrical separator, 440; 
cost, '442 

Blakk rock-breaker, 113 • 

Blanket strakes, 311 
Blanton cams, stamps, 172 
Booth combination rock-breaker, 121 
Bouomann and Emdk screen, 32 
Boui.ase buddle, 299 # 

Bowes, Hcott and Wkstern, Ltd., ball Biill, 
197 ; conical trommel, 61 ; Krom rolls, 
138; mortar for stamps, 167 
Box buddle, 293 
Buadlky Chilian mill, 209 
Braun jig for laboratory tests, 290 
Breaking, 6 

Bkemneb, — , quoted, 182 
Bkiart, Alphonse, quoted, 24 
Briart screen, 24 
Brino, Gust. G., quoted, 259 
Briquetting, line coal, 600; iron-ores, 509 
Browne hydrometric classifier, 240 
Brunton’s cloth, 323 ; vanners and, 323, 
338 

Bryan roller-mill, 209 

Buchanan magnetic separator, 400 

Bucket conveyors, 464 ; elevators, 467 ; 

horse-power, calculation, 470 
Bucking-irons, 111 ^ 

Buddies, Borlase, 299 ; box, 293 ; concave, 
298 ; convex, 295, 297 ; ring, 298 ; round, 
295 

Bumping screens, with horizontal motion, 
36 ; with vortical motion, 35 
Bumping tables, 345; application to coal 
wasliing, 350 ; Bartlett simplex concen- 
trator, 370 ; Bilharz-Stein, 361 ; Buss, 
366 ; Cammett, 870 ; Craig, 356 ; data 
concerning, 348; Ferraris, 868; Gilpin 
County, 349 ; Halley, 348 ; Liihriff vanner, 
361; Luhrig vanning table, 366; Over- 
strom, 370; llitlingor continuons, 356; 
Salzburg, 345 ; Schemnitz or Hungarian, 
847 ; Wilfley, 363, 365 ; Wilfley alime, 868 
Bumping-tray feeders, 474 
Burred screens, 16 
Buss table, 366 

Calamine, dressing of, 524 
C|liforuian stamps, 164 
Callow screen, 75 
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Calumet olasaile^ 237 
Camm|tt table, 37(r 
Campbell coal -wasfc^* 360 I 

Californian stampg, 
170 ; Cornish stamps, development of in- 
volute, 158 

Canvas tables, 313 * 

CARa’ii {ii8inU*f»ratoii 205 
Cattkrmoie, — , <iu!)te(l, 145 
Challenge feeder, 175, 171’^ 471 
Chambkkk screen, 30 ; swinninR-trav for coal 
• picking belts, 97 
Chase magnetic separator, 114 
Chat# or middlings, 277 
Chemical pioprties, dre'-sing processes de- 
• pendent on, 7 

Cumnn and Co., Lti>., Knw \niu 105 
Chinan mill, 209 • 

CiiAUKhON-SrANsriKM) coiicenttiitor, i3K4 
Classitieis, 231; Calumet oi Riclnud'-Toggin, 
*237: Colorado, 243, Hancock, 241 ; .laci>- 
iiiOtiy !indLeni(jues,230, Richards shallow- 
pocket, 240 

Coal, dressing of, 2, 3; pneumatic, Hoeh- 
Htiaates appiiratu.s foi, 370 ; typical plants 
(|i-, 493 

—, fine, Inniiietting, 500 
— picking of, HO, belts for, HH ; tables 
for, 84 

screening of, 20; eonveyoi scieons, Hi; 
Ooxe sciemiH, 53 ; gri/zlies, design, 19 ; 
jigging screens, angle, 39 ; Klein scieeii, 40 
— , trunspoit of, eiee|)ers lor, 403 
— Wishing of, 4; Ampsin wushei, 217; 
Rell and Rauisav washer, 300; Blackett 


Cook’s tumbler, 458 
CoppK coal-washiig^pl^t, 600 
Copper, native, dVessinJ plant for, 510 
Copper-ores, dressing of, 510; Elmore 
• vacuum process f.ir, 44(;;*jigs for, 269, 
288 ; sortinc thnirs, 78 ; pyrilic, dreaaing 
plant for.gjU 
Coniisli rolls, 131 
Cottehu,!., quoted, 210 

am> Co., Ktk., eoal-pickiug belt, 
diHchargmg device, 97 ; colliery heap- 
stead, 4t>3 ; jigging screen, 38 
C<»xE, Kcklev H., quoU*d, 20, 52 
Com; screen, 20 
'• g\ rating serei n, 52 
Citiio table, 355 
CuANK, W. S , quoted, 888 
CreejHTs, 403 

Crickboom washing trommel, 105 
Cross-belt magnetic separator, Kowand- 
Wetlierill, 130 

Crusliing, coarse, 109; defniition of term, 
107 ; line, 155 ; gradual reduction, 229, 
482, 515; medium, 120; separation by 
specific giavity and, ililliciilties, 228 
Crnslung plant, aiiaitgemeiit, 119, 150, 153; 
sepaiato motors requiied, 490; site of, 
487 

Cyclone puheiiser, 207 
Cyclops mill, 190 


l>AMi)M'N. • , quoted, 200, 202. 201 
Deads, retrcatnient of, 8 
Debourliage or washing, RM) 


washer, 311 ; Camphell washer, 350; 
Coppe idaiit, 500 ; ('raig talile, 355 ; 
Elliott washer, 300, 190; llumboldt plant, 
500; ^ uhrig plant, 499; Murton waslier, 
309 . Rouinson washei. 244, 498 ; Sheppard 
.md Sons’ jilant, 198; trough washers, 
803 

— ^ ^ jijfs for, 258; Baum, 290; felspar 

washers, 204, 209, 285; nut-washers, 280 ; 
single eoiupatliuent, 277, 280 
Coar*i breaking. 109 
Cubbing, Hi 

Cofer> Cornish stain jis, 100 
CooGiN, F. (i., quoted, IsO 
Colliery liefi.isteads, 493 
Coijow jigs, 280 
Coin ado chi' Oer, 243 
COLUUAUU lit'j;,- WoHKs Co., Denver, shaking 
table, 349 

Comet rock- breaker, 125 
CoJiMASS, R. S., quoted, 201, 2Hl 
Commif!Pbtion, 0, 107 
Concave slime tables. 330 
Concentration woi ks, general construction ,479 
COKKLINO jig, 273; magnetic separator, 
404, il2 

ConveyW'e of pulp, 470 
Conveyor screens for coal, 40 
Conveyors, 461 ; bucket, 404 ; coal-picking, 
80; Jeffrey Century, 464; trough, 465, 
466; Zimmer, 465 

Cook, Sons ako Co., Ltd., colliery heapste*!, 
498; picking belts. 91. 95 


Dki.I'Iiai, 0. D., quoted, 445 
Diinm.k Knoinkkki.no WoiihH, Cammell table, 
371 ; crushing rolls, 140, 145 
Diauiomlifcrous dejwisits, diessing, 3 
Diamonds, diessing jiiaiit for, 537 ; oil-sepa- 
lution [iroceHS applied to, 444; rotary 
washer, 251 

Dinzscii, 1*'., quoU'd, 36H, 528 
Dinokkv pulverisei, 1‘.I4 * 

Di.no’h magnetic separator, 399 
Disintegiutors, 205; Carr’s, 205; cost, 207; 

(StiirtcMinf mill, 207 
Douoe rock-bieaker, 120 
Dolly-tub washei, 253; mechanical, 255 
Dob, M., quoR'd, 247 • * 

ItoroiiAs, .Iamkh, quoted, 375 
Dressing works, building materials, 488 ; 
design of, 484 ; foundations for buildings, 
488; gencial coiistruction, 479; general 
principles, 481; lighting, 488; motive 
power, 489; power transmiHsiori, 490; site, 
479; typical, 493; warming of, 488; water 
power, 490 ; waP?r supply, 489 
Drum washern, 105; iron-ores, arrangement 
of plant, 502 
Dry blowing, 376 
Dryers, 476 

Duhskokd and Wokmald's screen, J2 

Economic considerations of separation, 280 
Edikuk, T. a., quoted, 406, 489 
Edison magnetic separator, 406; roUs, 151, 
152 • 
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Ekhan-Mabkmjin magnetic separator, 421 
Electric power, dreuin;; vorks, 489, 491 
Electrical separation, *7,* 440; separators, 
Blake-Morscher, 440 * 

Elevators, 46'? « 

Elliott coal-washery, 496; trough washer, 
806 • 

Elmouk, — , quoted, 445 * 

Elmouk oil -separation process, 442 ; vacuum 
process, 446, 515, 580 • 

Embuky vanner, 842 
English sYstem of jigging, 257 
Equal-falling particles, formulas relating to, 
220 

Equivalent sphere of screens, 12 
Eiukhhon magnetic separator, 417 
Evans slime tables, 829 
Evkiihon, Caiiuie J., quoted, 442 

Falling bodies, equal-falling particles, 220; 
formulas relating to fall in Huuls, 216; 
gravity and, formulas relating to, 215; 
hindered falling, 221 ; upward currents 
and, 228 

Faraday, — , quoted, 8H5 
Feeders, 472; automatic, stamps, 175; Chal- 
lenge, 475 ; reciprocating tray, 478; roller, 
476; shaking or bumping tray, 474; Tul- 
loch, 474 

Felspar, action in jigs, 264 
Felspar washers, 264, 2H5; movable sieve 
type, 269 ; single compartment, 2H5 
Fkiiouson, H. T., quoted, 181, 828 
Feiuiaui conveying screen, 46 
Fehraris, E., quoted, 262, 825 
Feubaius ball mill, 199, 200; belt, 824; 

magnetic separator, 400, 404; table, 868 
Feuiukr, B. M., quoted, 57 
Fine crusbing, 155; choke-feeding, 151 
Fischer, Hermann, quoted, 208, 204 
Flotation separation piocesses, 444 
Fluids, falling bodies in, formulas relating 
to, 216 

Forsorbn magnetic separator, 419 
Forster, T. K., quoted, 17, 91, 92 
FoiisTKU rock breaker, 121 
Foster, Sir C. Lk Neve, quoted, 286 
Frames, horizontal current separators, 814 ; 

capacity, 316; self-acting, 819 
•Fibber and Chalmers, Ltd., Allis steam 
stamp, 189; Blanton cam, 172; Browne 
Hydrometcic classifier, 240; Callow screen, 
75; Challenge feeder, 475; dressing plant 
for native copper, 511 ; dressing plant for 
tin ore, 526 ; Enibrey vanner, 346 ; Evans 
slime table, 82t) ; fine crushing rolls, 188 ; 
Frue vanner, 840 ; gyrating rock-breaker, 
125 ; revolving picking table, 81 ; spitz- 
kasten, 234 ; three-compartment jig, 281 
FRdniNO magnetic separator, 412 
Fruk vanner, 888 ; action of indiaruhber 
belt, 444 ; capacity and cost, 342 
Fuels, dressing of, 3 ; typical plants for, 493 
list %!, 8 

Galena, argentiferous, dressing^plant for, 518 

— , dressing of, 616 

Gas-engines for dressing eworks, 491 


Gates finf crusher, 12f; gyrating rookr 
breaker, 123 • 

G|ma, dretfking of, 587 
Gillon, AuOm quotgd, 54 
Gilpin County concentrator, 349 
Gilt Edge concentrator, 349 
Gold ores, ^^lanlmf strakes for, 311; canva|^ 
tables for, 8l"; Chilian mill for^,209,; 
dressing of, 2, 8 ; fii#, crushinjL pans foi;, 
218 ; Halley table for, 849 ; piling table, 
86; sorting rf^or, 78; stamp mills, 531; 
typical [danls for dressing, 580 
Golden Gate concentrator, 849 
Gradual reduction, 229, 482, 515 • 

Graham, Morton and Co,, Ltd., buck^ con- 
veyer, 464 * ^ 

Gravity/ falling bodies and, formulas relating 
to, 215 • • 

GiiiFKm mill, 195 ; ore-mill, 209 
Giizzlfy screens, 18 

Grondal, quoted, 428 • 

Gkondal ball mill, 197 ; magnetic separators, 
897, 421, 507, 508, magnetic slime-box, 
428, 509 

Grusonwerk, Fried. Krepi- A. G., ball mill, 
196; Bilharz jigs, 26B: Eriksson magnetic 
separator, 417; Ferrans table, 86H; ?br8- 
gren magnetic separator, 420 ; iron spitz- 
lutte, 248; thrce-cornpartment jig, 281; 
tube mill, 200 
(iyrating rock- breakers, 122 
Gyiuting screens, 85, 48 

Hadeield and Jack's roek-broaker, 116 
Hadeield’k Htkel Foundry Co., Ltd., Hecla 
gyrating rock-breaker, 125 
Halley bumjiing table, 848 
Hamilton, J. F., quoted, 412 
Hancock clas.sitier, 244 ; jigger, 269 
Hand-breaking, 110 
Hand-picking, simple, examples, 76 
Hardinok, - , quoted, 204 
Hardness of minerals, list, 8 
Hardy Patent Pick (biMPVNV, Ltd., Elliott 
coal wasbery, 496 ; vibroniotor scri'cns, 50 
Hahtwio, — , quoted, 389 , 

Harvey, J. F., quoted, 808 
Harz system of jigging, 257, 258 
Head, Wriuhthon and Co., Ltd., anti-breakage 
screens, 42; friction-driven tippler, 454; 
jigging screens, 88; scraper conveyor, 465; 
Umthed rolls for coal breaking, 150 
Heavy liquids, separation by, 214, 215 
Heberle magnetic separator, 404 ; mill, 213 
Hecla rock-breaker, 125 
Henderson, — , quoted, 816 
Hendy challenge feeder, 175; conflfentrator, 
378 

Henry, A , quoted, 160, 247, 248 
Hindered falling, action of jigs and, 257; in 
fluids, 221 

HociisTRAATEs pupumatic coal-cle^ilr, 876 
Hoffmann, W. A., quoted, 207 
Hoists, 467 

Holm, £., quoted, 389, 390 
Hoppers for storage of mineral, 459 
I^orizontal cut rent separators, 292; blanket 
strakes, 311 ; Brunton’s cloth, 323; buddies^ 



inaex 


541 


MS; etmai'^les, 313 j Ferriia belt, 
324; frameB, 3lf; iinkenbach lablf, 330- 
^peat^strakeB, 812 :*propeller knife buddle! 

• 823; revolving rW tables, 326; Rline 
pits and labyrinths, 3(g; strakes and tyes 
801 ; strips, 301 ; trough washers, 303 
notching machines, 256' 

Howland pulveriser, 195 ** % 

HuBiiiR disintegrator 205* 
Humboldt^InginkkrTno Works Co., Hartsch 
rock-breafcer, 1*21; Briart^creon, ‘26; coal- 
washing plant, 500 ; complex cylindrical 
trommel, 71; Crickbooni tron'inel, 105; 
tine crushing rollR, U4 ; H.'berlc mill, ‘21.3 ; 
Kle|i Rcreen, 40; Linkenbaoh talde, 333, 
336 ; niagnetic separation plant, 506 ; mag- 
(pnetic B(*paratorR, coarst-, ;{96 , mechuiucally 
d^ven hoist, 467 ; phosjthate. of hrae 
dressing plant, 536; pickiim fable, 85; 
reciprocating liay feeder, 173; revolving 
^lime table, 327; Kittinger table, 356; 
Salzburg table, 345 ; tuiu* mill, ‘200 ; wash- 
ing drum, 10,3; Wetlierill magnetic sc>pa- 
rator, 436 

Huntingdon null, 193, 191 
Husband ntmoKplieiic hUmps, 180 
Hutfliwork, Jigging, 25N 
Hydraulic power, dressing works, 489 
Hydraulic sepaiation, 7 


Impact screen, 1‘2 
Inglis and Hossack, (pioted, 309 
Instituiion 01 Mining and MKrALi.ruoY, 
(jiiot-d, 17 

In’< hu'j curve for stain p-enms, 158, 171 
Iron and Stkul iNsiniiK, (jimted, 509 
Iron ores, diessing of, “2, 3, drum washers, 
105, 502; jigs for, ‘273, 501; log-washing 
plant, 501 ; nuignetic sepuratioii, typical 
plants or, 504; magnetic siiHeeptibility, 
3HH; ‘}'()ical dressing plant, 501; vihro- 
Uioto .screen for, 51 ; washers for, 102 


JIacomktrv and Lkmquk’s cast iron classifier, 


230 

Jeffrey Manufac tuiiin(» €<•., Century con- 
veyer, 464: scraper conveyor, 466, trom- 
mels, 60, 62, 63 

Jigging, American practice, ‘262; in air, 375; 
terms used in, ‘257 

Jigging scree .8, 38 

Jigs, action of, 256, ‘259; air- jigs, 379, Baum, 

' 290 Bilhai . '.167, 268, 272 ; coal-wasbing, 
49b; ColloM*, 286; compressed-air, ‘290; 
copper-ore dressing plant, 514; Conkling 
circular, 273; felspar washers, 209, ‘284, 
285; fixed sieve types, 273; Hancock 
patent, 269; hand-worked, 264 ; horizontal 
piston tyjie, 286; moving sieve types, '257; 
screens for, 275; single compartment, 277 ; 
small, for laboratoi^ tests, 290; three- 
oorauartment, 281 ; vibromotor applied to, 
289 • 


Jones, 0. G., quoted, 222 
JoNVAL turbines, dressing works, 490 


Kablik pendulum screen, 52 
Kavan, — , quoted, 358 


Kavan repealing table, 359 
Keepers, colliery sciwns, 21 
Kehrherd or sweeliijg rfble, 816 
Kessler's n^naetfe asiprator, 898 
Kick-ups or end tipplers, 451 
Ring's magnetic sejiarator, 396, 406 
Klein screen, ,^40 

Klein's soluiion, separation by specific 
gravity, *215 
Klonnf, screen, 55 
Kueikh 'H.T nm, 4H 
Krom, quoted, 71 
Krum pneumatic jig, 380 
Khdm rolls, 138 

Labyrinths, horizontal current separators, 301 

Laiu-nhuug, Ih, quotinl, ‘2'2‘2 

Lake, , qiioU'd, 445 

Lam 11 , — . quoted, 2'2‘2 

Lauk screen, 4‘2 

Lead ore-', buddies for, *298; bumping tables 
for, 348; i’Vnans tables for, 3*26; frames 
for, 316; Mechernicli syphon washer for, 
248; Jigs for, ■2'<6; piois’llor knife bnddle, 
3*23, 3*24; tnssing kieve or dolly-tub for, 
‘253; typical dressing plants, 516 
J,ead-/.iiic ores, concave slime table for, 330; 
di<‘ssing jilant for, 519, 5*22, Liukeubach 
table for, 334 ; picking table for, 88 
Lew ITT steam Htarii}i, IHO 
LiNKENiiACii, C., quoted, 233, 240, 259, 261, 
830 

Linkfnhm'II table, 330, 334, 336 
Locket work screens, 17 
Logwiishers, 101; anangciiient fur iron ores, 
501 

LoviTi -F inney magnetic separator, 415 
JuhiKio Coal-Washing and OUK-lblESSlNa 
Am'Liances Co., Lid., coal-washing plant, 
499 

LCiihio viviiner, 361 ; vanning table, 366 

MoDfumoti hizei, 21 
Macliiue-breakirig, 111 
Magnetic constants, various minerals, 389 
Magnetic separation, 7, 385; electric current 
for. 429; feebly magnetic siibstaiicos, 430; ■ 
grutipingof minerals according to magnetic 
permeability, 391; iron ores, arrangement 
of typical plants, 501; principles of 
niachineH used for, 392; pyritic iimteMal,* 
effect of drying, 392; strongly magnetic 
minerals, 394 

Magnetic separators. Ball, 404; Ball-Norton, 
belt, 405; Buchanan, 400; Chase, 414; 
Conkling, 401; Ding, 399; Kdison, 406; 
Ekman-Markman, 421; Kriksson, 417; 
Forsgren, 419; FrOding, 412; OrOndal, 
397, 121, 4‘2H; Heberie, 412; Humboldt, 
396; Kessler, 398; King, 396, 406; labora- 
tory form, 433; Mechernicb, 436; Monarob, 
402, 410; Putzig, 400; Bowand-Wetberill, 
430; Haulier, 404 ; Hella, 399; Wenstrdm, 
394 ; wet- working, 409 ; Wetherilj^ 434 
Mallktt, — , quoted, 108 , 

Manganese ores, dressing of, 510 
Marcus conveying screen, 48 
Mars's Excelsior conveying screen, 46 
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MmDBN pulverizer, 127 i 
Mathel, Mh., quoted, 26 
Maubicb, — , quoteii 218 * 

Mechanical properti^oi ihiner|l8, dressing 
processes d^endent on, 6 
Medium oruHhmg, 126 • 

Metallic and nou-metallic, use of terms, 4 
Metalluiioiska AxTiEBoiiAO, ^edcn, mag- 
netic separation plant, 508 
Miciielot, — , quoted, 108 
Middlings, difliculty in separatiuil* 228; 

treatment of, 482 
Mine cars, 450 

Mineral, definition of term, 2 
Mineral deposits, science of, 7 
Minerals, classilication, 3; coefficients of 
friction, IH; crushing strengths, 108; list 
of, 8, 0, 10; magnetic constuntH, 38!) 
Mining, art of, 7 

Mills, arrastras, 208: hall mills, 1!)0; Bryan 
roller, 209; Chilian, 209; Griffin ore, 209; 
Heherle, 213; mortar, 210; Schranz roller, 
212; tube nulls, 200; Vliuon roller, 209 
Moist material, screening of, 13 
Monarch magnetic sepaiator, wct-worlcing, 
410 

Monuok, H. S., quoted, 221, 222 
MofionKH, M. DE, (piotcd, 53 
Moiuson, quoted, 182 
Moiuhon, 1). 1’., quoted, 73 
Moiuson high-speed stamp, 182 
Mortar mills, 210 

Motive power for dressing works, 489 
Mouchet, Cii,, quoted, 330 
Murton wuslier, 309 

Niagara pulveriser, 196; dry-blowing applied 
to, 376 

Oil- separators, Klinore, 442 
Oil-shale, distillation, 3 
Oils, rehning of, 3 

Ores, dressing of, 3, 4; list of, 9; typical 
plants for dressing, 501 
OsTKUSi’KY, — , quoted, 249 
OvKKSTEOM table, 370 

Paddock air-jig, 379 
Pans, tine crushing, 213 
Pamk-Hknneiikho separator, 382 
Patouillet or trough washer, 102 
Peat strakes, 312 

Pelton wheels, dressing works, 490 

Pendulum sorocn, Katlik, 52 

Perfoiated jdates, apertures, designation, 14; 

construction of, 15 
Pktersson, W., quoted, 402, 403 
Pkthkkick, Cai-tain — quoted, 257 
Phillips, W. B., quoted, 391 
Phosphate of lime, dressing plant for, 536 
Physical properties, dressing processes de- 
pendent on, 6 
Picking, 6, 76 

Picking Wilts, 88; canvas, 96; comparison 
with picking tables, 88 ; discharging de- 
vices for coal, 97 ; simultaneous screening 
and, 96; typical examples, 99 


Picking lobles, 77; double-dlcked, ’88} wi* 
volving,^!; ooiflpariBoi with belts, 08 
Platinum sands, francs for, 319; peat 
ftrakes f<fr, 812 •• • 

Platt, Jambs, quotqi^, 51 
PlOcker, — , quoted, 388 
Pneumatic separatum, 7, 874 
Pneumatic «iepaj|ror8, Clarkson -Stansfield^ 
384 ; Huchstraates a^aratus, 376 ; ^rom 
pneumatic jig, 380; raddock aip*-jig, 379; 
Pape-Hennebe^, 382 ; Sutton-Hteele, 385 ; 
Wetzlar Tierra Seca concentrator, 382 
Pockets or bins for storage of mineral, 459^ 
Potter, C. V., quoted, 445 
Potter ore or pure galena, 516 
Power stamps, 179 , 

Power transmisHion, dressing works, 490 f 
Propeller knife huddle, 323 ^ 

Pulp, convcyamie of, 470; elevating* of, 
471; rate of How, 470 
PuTZKrmagnetu! separator, 400 

Bagging, 111 

Baggings or middlings, 277 
Bailways, mineral, 458 
Bankine, W. J. M,, ([uoted, 216, 223, 225 
Beciprocatiiig rock-breakers, 111 
Itecijirocating screens, 35 ' 

Bevolving tables for picking, 81 
Biciuuds, B. H., quoted, 229, 232, 237, 238, 
258, 259, 262, 314, 482 
BiciiAuns-CooiiiN classifier, 237 
Bicuardh’ shallow ])Ocket classifier, 210 
Bickahd, T. a., quoted, 376 
Bkjo’s tumbler, 452 

BiTTiNOEU, Berukath VON, quotcd, 12, 130, 
218, 223, 232, 316, 303 
Bittinoeu continuous table, 356 
Boiunh Convkyino Belt Company, belt con- 
veyor, 96, 464 

Bobinson coal washer, 244; arrangement of 
plant, 49B 

Bobson and Cuonader, quoted, 442 
Bock-breakers, 111 ; compaiison of types, 
124, 127 

— , gyrating, 122; Comet, 125; Gates, 
123; Hecla, 125 • 

, reciproeatiiig, Blake, 113, 118 ; 

Booth combination, 121 ; classification, 
112; Dodge, 120; Forster, 121; Hadfield 
and Jack’s, 116; mode of action, 114; 
Schranz sectorator, 119 
— , rotating, 122 
Bocks, dressing of, 3, 4 
Bohrbach’s solution, separation by specific 
gravity, 215 
Boiler feeders, 470 

Bolls, crushing, 129; arrangement 9t plant, 
149, 150, 153; Cornish, 131, 135; corru- 
gated, 151; Edison, 151; Edison giant, 
152 ; feeders for, 140, 145 ; modem, 
features of, 136; peripheral speed of, 141; 
roughing rolls, 130, 150; shearing device 
to prevent damage, 148; shells, 131, 189; 
size of products, 150; theory of action, 
129, 130; velocity ratio of rolls, 189; fine- 
crushing, 137, 145; choke-feeding, 151: 
iCrom, 138 
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H., <fiot6d. 269 

wtttiiig rodk-bitlbiir«, m i2!4 
gotatjpg 8cre^, gf, 55 
.BowANB-WisTHEiuLtf rt%netic aefarator, \ 
nun of mine coal, 2 * 

Kuttmasn, F. S., quoted, 273 


'Sahlin, Axel, quoted, 2l!i • 

Sal*^ and Fickar^ qnofed, 445 
Ba ts, drenfiug of, if 4, 533; list of. «» 
Salzburg btmpiug table, 345 
Sampling, 478 

►Sactler magnetic separator, s, 404 
Schemuitz or Hungaiian bumping table, 347 
ScHMf>T, F., quoted, 324, 33St 
Schmitt; spiral trommel, 73 
Ichranz ]ig, 2(59; roller mill, 212* sec- 
t^ator, 119 

ScHuciiTERM \NN \Ni) Kukmi u, lloifiuanii and 
Emde screen, 32 ; felspui' wuhlier. 285 ; 
Karlik pendulum screen, 52 ; Klein Tvcrnm. 

•42 

Scraper convenor, 4(15 
Screens, angle of inchnatmn, 13; Callow, 
75 ; classiti cation of, IH ; n»al, 20 , eon- 
Btruction of, 11 ; dehignation of apeituies, 
LJ; fixed, IH, 21; gyrating, 4^ , inde- 
pendent motion ol bars type, 22, loeket 
work, 17 ; moving, 21; leripioeating. 35 ; 
rotating, 55; nniieisal motion type, ii.l; 
vibromotor, 49 ; woven wiie, 1(5 
Screw conveyor, 4(1(5 
Sklia, M., quoted, 399 
Seli.a magnetic' heparuior, 399 
Si, ki) g scre'-ns, ;55 

Shaking tables, .337 ; liaitsch rolatoiy, 371 
Shaking tray feeders, 474 
Shaking trays for picking, HO 
Shattering, (ietinilion of teim, IOh 
S in:i’i"iii vNT* Sons, eoHl-vvashing plant, 49H , 
felspt. . tvashei, 2(19; nut wanhei, 277 
Sh mi, pneumatic stamp. 1 m2 
Shiunz, — , (luoted, 330 
Siemens and Hadskk, niagin'tic separator, 
404 ; I’utzig magnetic separator, 400 
Sieve factor, 220 

Silvei ores, diessing of, -530, tine crushing, 
pans for, ■,ii3 

Sizingi volumetric, (5, 11 ; tiieorv of, 11, 12; 

wet and dry, 13 
Skoda nut-v .sher. 2s0 
Slime box, (irondal magnetic, 428 

Shniv pits, current separators, 301 

Slime tables, 1 evolving, 32(5, 327, 329, 330; 
Linkeiioach, 330 

Slimes, detinition of, and considerations 
affecting, 222 ; diflicalty in wqiaration, 
228 ; V'K-^ral treatment, 483 
Smyth, Wakinotov W., quoted, 316 
Sons'UDt'h solution, separation by sjxicilic 
gravity, 215 

SoPWiiH, Thomas, quoted, 261, 277, 323 

Sorting, U6, 76 

Sorting floors, 78 

Sorting table, 77 

Sortirung or classification, 231 

Spalling, 111 

Sfabre table, 373 ^ 


Specifio gnifiticui of mintmla, S. 9, 10 
Specific gravity, separation by, 6, 214; 
classification of wr^esses, 230; use of 
heavy liqmds, 

Specifio graTity, theory of sepMation by, 215 ; * 
• external impulses, 22(5; norizontal our* 
rents, 224 ;-8lmllow ennents, 225 ; sizing, 

228 

Si'ERRY, K. A., quoted, IIK) 

Spitzkasleii, 23! ; dimensions, 233 ; it on, 234 ; 

witliffrawal of products, 234 ; wiXHien, 234 
Spitzlutte, 240 

STALMAN-fiKllMER, - , qUotcd, 445 
Stumps, 1,5,5; AuHtralian, 174; automatic 
ore- feeders for, 175; ('aliforniati, 15(5, 1(54; 
(/ornisli, 15(5; Climeseot tilt-liammer form, 
15,5, (5(>rman. 1(50, 1(52; giavilation, 156 
■ pneumatic, lluHhand almosjtliciie, 1M(); 
Momkou higli-HjM‘ed, IH'j ; Sholl, 182 
steam, 185, AlUs, lK8; Leavilt, 186; 
Ti'emuin, UlO 
SiANLi Y, , quoted. 75 
Steam pdvver, dressing wotks, 489, 491 
Steam stamps, 185 
Sm»MA\ diKintegialor. 2(1,5 
SioKis, Sir (iioin.K (SvimiEi,, quoted, 222 
StoiHge (d nnnetal, 4.58 
Stiakes, hoii/.ontal curieiil sepaiators, 301 ; 

blanket, 311; {sat, 312 
Strips, hoiizoiila! curient separators, 301 
S'li Hii.vA.NT null, 207, roil-jaw fine crusher, 
128 

Surface tension, dilTerential, Kej)aiaIion by, 

7, 4 12 

SrrioN, — , quoted, 4 42 
Si iTo.N-SruM.E table, 38.5 
Syphon -washer, Mecliernich, 218 

Tailings wheels, 471 
Tate’s patent lipplei, 454 
Tavi.or. Ainuni. quoted, 289 
Thomas, U, A., quoted, 52(5 
Tikimi'kos and Comi'asv, stamp-lmllery, 
174 

Tin ores, alluvial, diessing plants for, 524 

- - , cost of dressing, 529 

, jnopeller knife huddle for, 323 
, si'if acting flames lor, 319 

— - , tossing-kieve or dolly tuh for washing, 
2i)3 

Tipplers, -451; friction driven, 4,54; TAteli 
patent, 454 

Toggle joint, recipiocuting rock-breakers, 
114, 11,5 

TosHing-kieve washer, 253 
'J'ramwuyH, aeiial, 457 ' 

Tukmain steam starnji, 190 
Triumph vanners, 342 
Trommels, 5.5 ; clearing screening surface 
of, 74; complex, 71; compound, (58; cost, 
74 ; grouping of, 6(5 ; paths of jiartioles 
in, 56 et $eq.-, pyramidal, 03; size of 
mesh, limit, 75 
Trough conveyors, 465 
Trough washers, 101, 5403 ; Jlell and Itaimay, 
m; Elliott, .306 ; iUackett, 811; Murton. 
309 

TurscoTT, 8. J., quoted, 78, 81, 86 
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Tnbe millB, 200; flintB for, 202; Q^asonwerk, 
200 ; theory of action, 203 
TuMiOCH feeder, 4741 • 

Tumblere, 451 ; Ooorh„ 458 ; 452 

Turbinee, wat^, dressing works, 490 
Tybb, horizoural current separators, 801 * 

Union Iron Works, gyrating *|pck-breaker, 
126 

Union roller mill, 209 

Unwin, — , quoted, 217 *• 

Vacuum process of separation, Elmore, 44G 
Vanners, development of, 824 ; Embrey, 
842; Fnie, 838; Triumph, 342; Wood- 
bury, 845 

Vibrating screens, 35 

Vibroraotor, application to jig-washers, 289 
Vibroraotor screens, 49 

Washers, diamond, 251; dolly-tub, 253; 
drums, 103; lead-ores, 248; tossing kieve, 
253; trough, 101 

Washing, 70; appliances for final treatment, 
244 

Water-power, dressing works, 490 
Wedding, — , quoted, 390, 391 
Weighing, 477 

Wknsthom magnetic separators, 394 
Wet dressing, appliances depending essen- 
tially on vertical fall, 231; horizontal 
current separators, 292 ; jigs, 260; shaking 


tables, 337; specific gravity, ^separotion h; 
214; waiihiDg appliaucdl, 100 
Wethbrill, J. P., quotfd, 430 ^ 

WfTHERiLL* magnetic •s^arator, 434, 43 
506; application 4o tin ores, 528, 52i 
application to zinc ores, 524 
Wetzlar Tierra Sei^ concentrator, 382 
Wheeler p%(Q, fi|e crushing, 213 
White, — , quoted, 196 •• 

WiLELEY Ore Concentrator Syni)I|ate, Uti 
impact screen, ^40 • 

WiLELEY slirne t^le, 363 
WiLFLEY table, 363, 365 
Wire-rope tramways, 457 
WiTUERBEE, Sherman and Co., ma|piet 
separation plant, 506 , 

WoAKE*, E. K., quoted, 618 
Wood and^ornett, quoted, 97, 309 
WooDBURY^vanuer, 345 * 


Work, or crude lead ore, 516 

Works, ^dressing, general construction, 479 

Woven wire screens, 16 * 


Wright, W. D,, quoted, 40 


Zknner buddies, 326 
Zimmer conveying screen, 40 
Zimmer conveyor, 405; coal-picking on,<t80 
Zme-lead ores, concave slime table for, 330; 
dressing plant for, 519, 522; Linkenbach 
table for, 334; picking table for, 88 
Zinc-ores, dressing plant for, 623 ; magnetic 
separation applied to, 524 


THE END 
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